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STUDY OP MEDIUM EFFECT ONTO THE 
DECOMPOSITION RATE OF POTASSIUM 
1,1-DIMETHOXY-2,4-DINITROCYCLOHEXA-2,5-DIENATE 
T.D. Kartashova, A.I. Glaz, and S.S. Gitis 
Tula State Teacher Training Institute 
Received July 4, 1989 
Kinetics of decomposition of potassium 1,1-di-
methoxy-2,4-dinitrocyclohexa-2,5-dienate has been 
measured spectrophotometrically in binary mixtures 
of dimethylsulfoxide - protonic components. Ali -
phatic alcohols and water in temperature range 15-
35° С were taken for the latter. Activation parame­
ters of this reaction were found. It has been es­
tablished that the reaction of the б-complex decom­
position proceeds according to bimolecular mechanian 
and substantially depends on the acidity and struc­
ture of the protonic component. This is proved by 
the excellent correlation between log к and pK& of 
alcohols and the 6*, E^ values of alcohol radicals. 
At present, there can be found sufficient data in lite­
rature on the studies of medium effect on the stability of 
the Jackson-Meisenheimer anionic 6-complexes as well as on 
establishing interrelations between the structures of comp-
1 ? lexes and their reactivities * . Nevertheless, the studies 
of 6"-complexes on the basis of aromatic dinitro compounds 
are very rare. 
Thus, the present work is aimed at studying the effects 
of medium structure and acidity as well as the temperature 
147 
on the stability of potassium 1,1-dimethoxy-2,4-dinitrocyc-
lohexa-2,5-dienate 6-complexes. In free form, this complex 
is unstable, since in the case of the dissolution in pro-
tonic solvents, it decomposes instantly. Therefore, the de­
composition reaction was studied in the binary mixtures, con­
sisting of an aprotic polar solvent - dimethyl sulfoxide 
(DMSO) and of one of the protonic components - water or ali­
phatic alcohols with either normal or iso-structure, 
the content of the latter being 0.1-1.2 mo1/1. 
The studied anionic б^-complex which has the structure 
of quinolonitro acid has been fully dissociated into ions 
in DMSO, whereas the solvents having high dielectric const­
ants favor the formation of free ions instead of the solv-
3 
ent-separated ion pairs . 
Reaction rate was determined spectrophotometrically by 
the optical density change of the solution at the absorption 
maximum (Я = 506 nm) which is characteristic of the 6-comp­
lexes of Jackson-Meisenheimer with two nitro-groups in ben­
zene ring. The linear character of the corresponding kine­
tic dependences (Pig. 1,8) shows that at low concentrations 
in the mixture of alcohols and water the reaction follows 
the first order both according to the protonic components 
and to the decomposing complex. 
Consequently, the decomposition of the б-complex of 2^4-
dinitroanizole with potassium methylate is a protolytic re­
action and it proceeds according to the bimolecular mech­
anism, including the protonation of the oxygen atoms of 6-
complex and the cleavage of the C-0^ bond (Scheme 1). 
The results of the measurements can be found in Table 
1. They indicate that the rate of б-complex decomposition 
H-O-R 
н3со осн3 H,C0 
+ CH30~ + ROH 
linearly depends on the acidity of the protonic component and 
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changes as follows: CH3<)H y CgHçOH > C^OH > C^gOH> i-C^gOH 
y i-C^H^OH^ H^O > t-C^HgOH. The point for water does not o-
bey this relationship. Namely, in the mixtures of water and 
DMSO the decomposition rate is unexpectedly low and does not 
correspond to the pKa of water. We believe that this pheno­
menon can be explained by the formation of the structures of 
type DMSO • 21^0 , the latter being less reactive than the 
free molecules of water. The observable lowering of the re­
action rate is probably also due to the stabilization of Узе 
product by the formation of hydrates of nitro groups. It has 
been shown in the studies concerning classical Jackson-Mei-
senheimer complexes^. 
The calculations according to the"1 least squares' meth­
od^ have shown that there is an excellent correlation be­
tween the log к and pK& of alcohols (r = 0.999» s = 0.013). 
As to the acidity of aliphatic alcohols, it depends on the 
electron-donor properties of the alkyl group, which certain­
ly influences the rate of ^-complex decomposition. Inciden­
tally, there is a satisfactory correlation (r = 0.952; s = 
0.097) between the logarithms of decomposition rate cons­
tants and the б-constants values .of alcohol radicals (6* ). 
The obtained positive values of the reaction constant p for 
the present isokinetic series in equation log к » - 1,34 + 
+ 3.24 6я give evidence of the process's electrophilic cha­
racter towards the substrate. A comparatively high Ç value 
refers to a rather significant polarity level of the transi­
tion state®. 
The study of the kinetics of potassium 1,1-dimethoxy-
2,4-dinitrocyclohexane-2,5-dienate has shown that the reac­
tion rate does not only depend on the acidity of medium but 
also on the protonic component structure. The data analysis 
(Table 1) reveals the existence of a certain interrelation 
between the log к of the rate of б-complex decomposition and 
steric constants of alkyl radicals E°. This is also proved 
by the established satisfactory correlation between those 
two quantities (r = 0.950; s = 0.100). Evidently, the bran­
ching of the alkyl chains of alcohol diminishes the role of 
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specific solvation of etheric oxygen atoms and retards de­
composition rate. 
The study of temperature dependence of the 6-coaplex 
decomposition enabled us to find the activation parameters of 
the reaction. The activation energy (Table 1) is changed in­
significantly by the nature of alcohol. Thus, the entropy 
factor which is connected with the solvation of the complex 
by the protonic components of binary mixture probably cont­
rôles the decomposition. Pig. 3. shows that the experiment­
al points fall well onto the straight lines within the co­
ordinates log к - 1/T, thus justifying the application of 
the Arrhenius equation for the given systems. 
Pig. 3. Relationship log k-1/Т for the potassium 1,1-
dimethoxy-2,4-dinitrocyclohexane-2,5-dienate 
decomposition reaction in the mixtures of DMSO 
and protonic components. The numbers of lines 
correspond to those of Table 1. 
The obtained negative activation entropy values agree 
with the earlier suggested reaction mechanism^. 
2.9 
3.22 3.30 З.Зв 3.46 3.54. 
( 1 / T )  Ю 3  
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The results of our studies confirm that the interactim 
of the complex with the protonic component functions as the 
limiting stage of the reaction. As a result of this interac­
tion the transition state (II) is formed with the consequent 
rise of the order of the whole system. 
Thus, we have established that the potassium 1,1- di-
methoxy-2,4-dinitrocyclohexa-2,5-dienate decomposition re­
action proceeds by the bimolecular mechanism and it largely 
depends on the structure and acidity of the protonic compo­
nent. 
Experimental 
The (T-complex I was obtained using methods described 
10 
elsewhere . The solvents used were purified according to 
11 the standard methods . The technique of kinetic studies has 
12 been published earlier . The constant was calculated accor-
13 ding to the first-order equation . The bimolecular const­
ants were found by dividing the pseudofirat order constants 
with the concentration of the protonic component^. Acti­
vation parameters were calculated according to the equation 
given in monograph1^. Correlation parameters were calculated 
using the well-known methods of mathematical statistics^*8. 
References 
1. P. Terrier, Chem. Rev., 82, N 2, 77-152 (1982). 
2. M.J. Strauss, Chem. Rev., 70, N 6, 667-712 (1970). 
3. M. Shwarz, Ions and Ion Pairs in Organic Chemistry, Mos­
cow, Mir, 1975, 285 pp. (in Russian). 
4. M.R. Crampton and M. Willison, J. Chem. Soc. Perkin Trans. 
2, 1686 (1974). 
5. J. Mur to and A. Viitala, Suomen К emist., ^2.» 138-143 
(1966). 
6. R.S. Kerber and A. Porter, J. Am. Chem. Soc., 21» 366-
371 (1969). 
7. H.H. Jaffe, Chem Rev., 191 (1953). 
8. Yu.A. Zhdanov and V.M. Minkin, Correlation Analysis in 
153 
3 
Organic Chemistry, Rostov-on-Don, Rostov State Univer­
sity, 36, 1966 (in Russian). 
9. K. Bowden and R.S. Cook, J. Chem. Soc. B, 1765-1770 
(1971). 
10. S.S. Gitis, A.I. Glaz, and A.Ya. Kaminskij, ZhOKh, 33. 
3301-3303 (1963). 
11. A. Weissberger, E. Proskauer, J. Riddick, and E. Toops, 
Organic Solvents, Moscow," IL, 63, 1958. (Russian trans­
lation) . 
12. T.I. Morozova, S.S. Gitis, A.Ya. Kaminskij, and I.A. 
Glaz, in : "Synthesis, Analysis and Structure of Organ­
ic Compounds'1, Tula, issue 4, 73, 1972 (in Russian). 
13.  N.M. Emmanuel and D.G. Knorre, A Textbook of Chemical 
Kinetics,, Moscow, Vysshaya Shkola, 412, 1962 (Russian 
translation). 
14. M.K. Yatsimirskij, Kinetic Methods of Analysis, Moscow, 
"Khimiya", 23-51, 1967, (in Russian). 
154 
Organic Reactivity 
Vol. 26, 3(95)—4(96) 1989 
INFLUENCE OF LEAVING GROUP NATURE 
AND MECHANISMS OF ORGANIC BASE CATALYSIS 
IN REACTIONS OF 1-X-2,4-DINITROBENZENES WITH 
PIPERIDINE IN BENZENE 
T.P, Kulishova, G.D. Titskij, S.G. Sheiko, and 
E.S. Mitchenko 
Donetsk Polytechnical Institute, Institute of 
Physicoorganic and Coal Chemistry, Academy of 
Sciences of the Ukrainian SSR, Donetsk 
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Influence of leaving group nature on the kinetics 
of reactions of 1-X-2,4-dinitrobenzenes (F, Cl, Br, I, 
OSOgC^H^) with piperidine and its deuterium analogs in 
benzene at 25°C has been studied spectrophotometric-
aliy. For substrate's halogen derivatives noncatalytic 
route of nucleophilic substitution proceeds in stages. 
The process includes slow decomposition of 6-complex 
via cyclic transition state and limiting formation of 
CT-complex for benzene sulfonate. Leaving group nature 
has a certain effect on the catalysis mechanism of those 
reactions by bases containing nitrogen and oxygen. Ca­
talytic rate constants,of substrates (X = F, Cl, Br, I, 
0CgH^N02-4) depending on their structures and main ca­
talysts obey the following equations: log km= (-8.93^ 
0.31) + (8.31 ± 0.28)pKasg + (1.24 ± 0.08)pKHB and 
log km = (-6.66 - 0.25) + (0.97 ± °«°3)pKHB(N+x-) + 
(1.17 - 0.08)рКщ. Slow decomposition of С-сотр1ед in 
catalytic process is determined by NH proton group se­
paration via cyclic transition state with participation 
155 
3* 
of leaving group and essential catalyst. In the case of 
benzene sulfonate leaving group, the associative mech­
anism of catalysis by bases is discussed. 
The influence of leaving group in reactions of acti -
vated benzene derivatives with aliphatic amines has been 
studied in polar media mainly1"^. Papers^'^ deal with the 
catalytic effects of the additions of organic bases in -those 
media. It could have been expected that in the case of tran­
sition to nonpolar aprotic media (cf.^~^) the leaving group 
effect should more clearly be revealed in catalytic reaction 
as well. 
The present paper is aimed at studying the effect of 
leaving group both in noncatalytic reactions and in those 
catalyzed by organic bases of the compounds having the fol­
lowing formulae: 2,4(N02)gCgl^X (X=F(I), Cl(II), Br(III), I 
(IV), 0S02C6H5(V), 0C6H4N02-4 (VI)8) with piperidine and its 
deuterium analogs in benzene at 25°C. 
Our research into the kinetics of reactions of comp­
ounds (I)-(IV), (VI) with piperidine has shown that they pro­
ceed in two parallel routes: in the noncatalytic one with 
constant kQ (1»тоГ1»8*"1) and in the route catalyzed by the 
second amine molecule with constant kg (l2«mol~2*s~1). In a 
similar reaction with participation of compound (V) no cat­
alytic action of amine was observed (Table 1). 
It was supposed that there takes place the following 
conversion of the limiting stage during transition from с col-
pounds (I)-(IV),(VI) to (V): for compounds (I)-(IV), the de­
composition of the C-complex is limited by (VI), in the case 
of (V), it is the formation of the latter that acts as a 
limiting stage. In keeping with that, the scheme of nucleo-
philic substitution proceeding in stages includes simulta -
neous formation of the ff-complex and then its monomolecular 
and bimolecular decomposition with participation of the sec­
ond amine molecule. 
156 
Table 1 
Noncatalytic Constants. Catalysis of Second 
Molecule of Amine for Reactions of Compounds 
(I)-(V) with Piperidine and N-Deuterium Piperidine 
in Benzene 
Comp­
ounds K
1 
о
 
о
 
г
о
 
k».io2 Vkž кв kD 
В Ws V 10 ass 
I 73.9 38.2 1.93 594 50. 4 11.8 9.10 
II 7.17 6.61 1.08 0.323 0. 094 3.72 4.35 
III 10.1 7.52 1.31 0.214 0. 103 2.08 4.20 
IV 2.80 2.32 1.19 - 3.99 
V 201 201 1.00 
-
- -
NC 2 NO 2 NO 2 
In order to confirm the existence of differences in the 
mechanisms of the reaction series studied it was interesting 
to observe the influence of another separating group - hyd­
rogen atom, in the case of piperidine nitrogen in the very 
complex replacing it by a deuterium atom. The kinetic regu­
larities of the reaction with N-deuteropiperidine are analo­
gous with those obtained for piperidine. Rate constants kD 
D 0 
and kg as well as the values of kinetic isotope effects (KEE) 
estimated by kH/kD are given in Table 1. The HE found 
exceeds one both in the case of noncatalytic and catalyt­
ic reactions of substrates (I)-(IV). The effect is an essen­
tial one and, consequently, it refers to the separation of 
the hydrogen atom in the rate limiting stage. In the case of 
substrate (V) the KIE is close to one and cannot therefore be 
very exactly defined. 
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On the other hand, according to report , significant 
differences in constant values in the case of leaving groups' 
exchange for the reactions of substrates (I)-(IV) with pi­
peridine and N-deuteropiperidine show that leaving group X 
also splits into limiting stage. The fact that both leaving 
groups (hydrogen atom and X) split off in the limiting sta^ 
11-13 
makes us conclude that the formation of hydrogen bond 
between them in cyclic four-member transition state (Vila) 
favors their separation. 
+NC,-H 
(Vila) 
The formation of hydrogen bond in (Vila) agrees with 
the existence of correlation dependence (2) for the subst­
rates containing halogen 
log kY = log kY + ot« pK ( 2 )  
where k^ is the rate constant for leaving group X; 
pKa4Q - logarithm of constant of association of cyclo-
hexylhalogenides with phenol in CCl^. at 25° С assessing 
the ability of leaving group X to form hydrogen bond; oC 
denotes permanent sensitivity of the reaction series to 
a certain property of the leaving group; k° - rate con­
stant for hypothetical substrate with pKagg = 0. 
The numeric value of constants kQ in the case of vari­
able X is 
log ko = (-3.27-0.56) + (?-30±0.78)pKaas (3) 
s = 0.23 R = 0.95 
Value oc found in Eq. (3) equals 3.30 referring to ra­
ther high sensitivity of leaving group X toward the forma­
tion of hydrogen bond strengthening in order PX)l>Br>I. It 
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is in agreement with the suggested stage-like substitution 
scheme (1). 
Nucleophilic substitution with participation of ben­
zene sulfonate derivative of the substrate proceeds more ra­
pidly in the leaving group series, it has not been influ­
enced catalytically by the second molecule of amine and the 
KIE does not exceed one. Those facts enable us to consider 
that in this case it is the formation of the б-complex that 
acts as the limiting stage. 
In order to establish the leaving group nature in the 
catalytic reactions of compounds (I)-(V) with piperidine in 
benzene, we studied the effect of the additions of nitrogen 
and. oxygen-containing bases. The values of catalytic cons­
tants km (l2 • mol-2» s-^) are given in Table 2. The data in­
dicate that the km values decrease in the series of subst­
rates (I)-(IV), (VI) parallelly to the pK^ change accord­
ing to $)q. (4). 
log km = log k° + В • pK^ (4) 
where pK^g denote the constant logarithm of associa -
tion of a given base with p-fluoropn ni in CCl^ at 25° C, 
enabling to assess the proton-acce- jt ability to form hy­
drogen bond; ß - the coefficient of sensitivity of reac­
tion series to this parameter. Q 
The authors of paper have noticed a similar depend­
ence in reactions of nucleophilic aromatic substitution. 
The dependence of catalytic constants on the pK^ val­
ues for various leaving groups (Pig. 1) and the statistic 
parameters of Eq. (4) for compounds (I)-(VI) (Table 3) show 
that sensitivity coefficient ß depends on the leaving group 
nature. As in the case of compounds (I)-(IV), (VI) charac­
terized by the decisive role of the б-complex' s decomposi­
tion, the ß values practically coincide. The level of pro­
ton transfer to the catalyst forms 10-20 % (cf. 14)e 
Since the intensity of catalysts decreases in substrate 
series (I)-(IV), (VI), as well as in the case of noncataly­
tic processes, correlation (2) was used for the quantitat -
ive estimation of this phenomenon. The numeric values of the 
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Pig. 1. Dependence of log km for reactions of comp­
ounds (I)-(VI) catalyzed by various bases with 
piperidine in benzene. Point numbers corres­
pond to those in Table 2. 
5 
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parameters of (2) are given in Table 4. It follows from 
those data that the oC values do not actually depend on the 
catalyst chosen. The sensitivity value of и exceeds more 
than twice that of the noncatalytic process. Consequently, 
at the transition to the catalytic process the sensitivity 
of the leaving group substrate to the formation of hydrogen 
bond tends to increase. 
Table 3 
Parameters of Correlation Equation (4) for Catalytic 
Reactions of Compounds (I)-(VI) with Piperidine 
Compound lQg km ß R s 
I -1.00*0.12 1.21*0.07 0.993 0.11 
II -3.22-0.03 1.23*0.15 0.980 0.08 
III -3.33*0.13 1.14*0.05 0.996 0.03 
IV -4.48*0.14 1.33*0.06 0.992 0.05 
V -1.21*0.16 0.88*0.06 0.992 0.12 
VI -4.42*0.13 
CO о
 
о
 
+
1 CM 0.998 0.08 
Table 4 
Parameters of Correlation Equation (2).for Catalytic 
Reactions of Compounds (I)-(VI) with Piperidine 
Catalyst log oc R s 
DMSO -6.69*0.76 8.50*1.05 0. 985 0. 309 
Pyridine* 
-6.72*0.79 8.55*1.09 0. 984 0. 321 
Piperidine 
-6.23*0.77 9.31-1.08 0. 987 0. 343 
Triphenyl-
phosphin-
-3.21*0.75 4.58±0.54 oxide 0. 974 0. 221 
ж On the basis of the data of this equation we have calcu-
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lated the pKagg values for (VI), which is equal to 0.545. 
The analysis of the data of Tables 3 and 4 leads us to 
the consideration that the catalytic constants studied obey 
multi-parameter equation (5) taking into account the addit­
ive contribution of the structural parameters of substrates 
(I)-(IV), (VI) and the catalysts. 
Ю8 km « A0 + AV pKasa + A2 - рКнв (5) 
The numeric values of the parameters of this equation in 
both natural and normed scales are given in Eqs. (6) and (7) 
log km = (-8.93±0.31)+(8.24±0.28)pKaaa+(1.24*0.08)pKHB (6) 
s = 0.210 R = 0.987 
log km = (-8.0б±0.57)+(1.04±0.03)рК
ааа
+(0.51*0.03)рК
нв 
(7) 
s = 0.157 R = 0.988 
Statistical parameters of Eq. (6) confirm its firmness, 
while the coincidence of the A1 and A2 with parameters OL 
and ß (Tables 3 and 4) refer to the validity of Eq. (5). 
Eq. (7) enabled us to draw conclusions about the prevalence 
of the contribution of hydrogen bond with the leaving group. 
Since the pKaag for Br-, CI- and I -derivatives have 
but insignificant differences (Table 1), the quantitative es­
timation of the formation of hydrogen bond with the leaving 
group was based on the equation of type (4). The рКщ of 
tetrabutylammonium halogenides were equal to1^  I~= 2.52, 
Br = 3.27, Cl~= 3.60, F~= 5,86s, yet remarkably differing 
in their values. In this case the numeric values of correla­
tion equations in natural and normed scales are as follows: 
!og km = (-6.66±0.25)+(0.97±0.03)pKHB(+^)+(1.17±0.08)pKHB 
s = 0.152 R = 0.992 (8) 
* Calculated from relationship Ркщ}(5х) =5*09+0.22pK&(X-
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5* 
log km = (-6.04±0.23)+(1.17*0.35)pKHB(+ )^+(0.51±0.04)pKHB 
s = 0.138 -R = 0.992 (9) 
As it was expected, the parameters of Eqs. (6)-(9) ag­
ree well with each other, thus confirming the correctness of 
the application of parameters pKagg and P%B(NX) to esti­
mate the role of the participation of leaving group in the 
formation of H-bond in the processes studied. 
We should also like to dwell upon the nature of cata­
lysis by the second molecule of the amine in the reactions 
studied. The cC value for relationship (2) of its catalysis 
by piperidine (Table 4) is identical with other bases which 
do not have any active hydrogen atom. On the other hand, the 
рКщд values for piperidine, equalling 2.95 were calculated 
on the basis of the data of Table 3. The catalysis by the 
second molecule of piperidine in the studied processes does 
not differ from other organic compounds. Consequently, in 
these catalytic processes pyridine participates as the mo-
nofunctional basic catalyst. Analogous basic character of 
the catalysis by the second molecule of amine in the reac­
tions of nucleophilic aromatic substitution has also been 
9 
revealed in the cases of participation of butyl amine and 
17 
aniline 
As concerns the catalysis by piperidine (Table 1), we 
noticed a rather strong isotope effect during the substitu­
tion of deuterium for the hydrogen atom of NH-group. For 
the fluoro-derivative of the substrate, the primary KIE val­
ue reaches 11.8. This permits us to consider that in the 
case of the catalysis of these reactions by some other ba­
ses, proton transfer takes place in the rate-determining 
stage. 
The results of the present paper as well as the litera-
5—7 18—19 ture data characterizing similar kinetic processes * 
make us consider that the decomposition of the C-complex 
can proceed via the transition state (VII b). 
The role of base В in the decomposition of the zwitter-
ionic complex stands in the creation of the cyclic transiti­
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on state, including the atom of hydrogen, coordinated with 
three atoms - the X leaving group, catalyst В and the nitro­
gen atom of attacking nucleophile, i.e., piperidine. The a-
fore-said is in keeping with the sensitivity to the forma­
tion of hydrogen bond with the leaving group, catalyst and 
data of the primary KIE. 
So5H10 
(VII b) 
The alternative mechanism for catalytic processes in 
20 
nucleophilic substitution suggested by Bunnett is hardly 
applicable here, since its realization is possible in strong­
ly polar media mainly. On the other hand, in this case one 
might expect not only the dependence of catalytic reaction 
series on the рКущ of bases but also on the pK& which is re­
sponsible for a full proton transfer. But the latter depend­
ence was not found. One can presume that for the processes 
studied here Bannett's mechanism is realizable only in the 
protoinert nonpolar medium, provided that the basicity of 
the catalyst is at least by one order higher than that of 
the nucleophile (piperidine). In such a case a full proton 
transfer from the zwitter-ionic complex onto the catalyst 
and the consequtive formation of the BH+ are highly probable. 
The phenomenon has been observed in the case of picrylfluo-
17 
ride reaction with aniline ', catalyzed by the organic com­
pounds whose basicities exceed that of the nucleophile - a-
niline. 
Triphenylphosphine oxide having the largest рКщд val­
ue has got a special importance among the catalysts studied. 
According to Eq. (4) the catalytic constants of this base 
are smaller than expected (Pig. 1) and the oc values are al­
so much lower than those for the sensitivity of the other ca­
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6 
talysts studied here. The causes of this stand probably in 
the spoilt additivity (Eq. (5)) in the border zone of tran­
sition into the isoparametric correlation (10) including 
the cross-effect of the structural factors of the leaving 
group and catalyst. 
log km = A0+ A1' pKass+ A2* pKHB + A3* pKass* pKHB 
The catalysts having high pKHB values, e.g., triphenyl pho-
sphine oxide, can like the cyclic form of transition state 
(VII b) realize a less reactive flow with transition state 
(VII c) in which leaving group X being competitive with base 
В for the hydrogen atom separates without any elect.roph.il-
ic contribution. 
В 
NC5H10 
(VII c) 
If the catalysis is carried out by such bases, the contri­
bution of the catalytic flow via the cyclic transition state 
(VII b) can diminish owing to the realization of the cata­
lytic flow via the noncatalytic state (VII c) which is con­
nected with their affinity to the hydrogen bond formation. 
In the case of triphenylphosphine oxide the oC sensitivity 
to the formation of hydrogen bond with the leaving group 
decreased twice. 
For the substrate's benzene-sulfonate derivative the 
sensitivity to parameter рКщ is less than l* equalling 0.88. 
Consequently, the level of proton transfer to the catalyst 
for reaction (V) is different, which actually refers to the 
different catalysis mechanism. 
If we take into consideration that in the case of the 
reactions of compounds (V) with piperidine, the formation of 
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б-complex appears to be the limiting stage, the catalysis 
can be observed in this stage only, i.e., the very stage s 
should be accelerated by the catalyst used. Base В takes 
part in the equilibrium formation of the hydrogen-bonded 
associate with nucleophile 
Kp 
, X CcH10NH + В C5H10im ... В (11) 
having stronger nucleophility than the initial amine, since 
the electron density is localized on the nitrogen atom; thus 
it results in the acceleration of the fr-complex formation 
that can be estimated by product Kp*Km (in the case of the 
changes taking place by stages) which is rather close to or 
exceeds that of the noncatalytic reaction. The scheme of 
the catalytic route is as follows: 
Çr 
Ж>2 
H...в 
NG5H10 
Nog + G5H1qNH. ..В ш„. |._TTN0o (12) 
The fact that triphenyloxide falls onto a common rela­
tionship log km - pKjQj (Pig. 1) agrees with the mechanism 
suggested. 
This mechanism can be classified as an associative one 
in the framework of the general basic mechanism. Evidently, 
it can be realized also in the case of the leaving group 
with a strong tendency towards separation. In our case tills 
is the benzene sulfonate group. 
Experimental 
2,4-DInitroderivatives of benzene were synthesized and 
purified according to methods^; benzene piperidine and or­
ganic catalysts according to those described in21. N-Deute-
ropiperidine was obtained like in handbook1^. The content of 
deuterated amine was determined according to the IR-spectra 
6* 
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and it formed 96 %. 
Reaction rate was measured in the conditions of pseudo-
first order towards the substrates whose concentration was 
-5 -1 5*10 J mol-1 in all experiments. Catalytic constants mea­
surements were carried out at the following concentrations 
of piperidine: (I) - 2,5*10""^, (II)-(IV) - 2.5*10~2, (V) -
-3 -1 1.25*10 mol.l . The concentration intervals of catalysts: 
(I) - pyridine, triethylamine (2.5f13.3) Ю~-*, dioxane, a-
cetone (0.1*0.2), dimethylsulfoxide (0.5т2.25) 10**^, ethyla-
cetate 0.0370.125, piperidine (1.0r2.5)10"^, triphenylphos-
phine oxide (0.6f2.5) Ю~2 mol*l~1 ; for (II)-(IV) - pyridine 
0.34.1.67, 2,4-dimethylpyridine, dimethylsulfoxide, diethyl-
acetamide 0.1f05, dimethylformamide 0,5f-2.5, piperidine 
(2.5f7.0) 10-2, tri phenyl phosphine oxide (2.0*-9.0) 10~2 mol* 1*1 
for (V) - pyridine 0.15-0.4, dioxane 1.0f2.0, dimethylsulf-
oxide (1.26t6.3)10~2, acetone, ethyl acetate 0.5J-2.0, pipe­
ridine (1.25^5.0)10™^, triphenylphosphine oxide (0.6f2.5)Ю-2 
mol.l"1. 
The reaction was controlled on a spectrophotometer SF-
16 on the basis of the accumulation of tertiary amine of 1-
piperidino-2,4-dinitrobenzene, at 375 nm; the cell thickness 
was 1cm. 
Rate constants of pseudofirst order were calculated as 
follows: rx n 
1 00 0 
к = T In (13) 
D™- D. 00 t 
where D^, DQ, DT are the optical densities of the so­
lution by the termination of the reaction, at the be­
ginning of the reaction and at time moment t, respec­
tively. 
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1 
Kinetics of alkaline hydrolysis of 2 -derivat­
ives of ß-dimethylaminoethyl ester of 4-chloro-N-
phenylanthranilic acid in water-dioxan mixture (60 
vol % of dioxan ) in temperature range of 298-358 К 
has been studied. Bimolecular constants of reaction 
rate have been found. Thermodynamic activation pa­
rameters have also been determined. Substituent ef­
fects of ester molecule on obtained parameters have 
been discussed. It has been established that the re­
action series obeys the Hammett equation. Isokinetic 
character of the reaction is shown. By the method of 
multiple regression analysis the multi-parameter e-
quation is found describing the influence of 6-cons-
tants of substituents and experiment temperature for 
ß-dimethyl, as well as that of ß-diethylaminoethyl es­
ters of 4-chloro-N-phenylanthranilic acid. 
We ha-re already studied the kinetics of alkaline hydro-
170 
lyais of 41-derivatives of ß-dimethylaminoethyl ester of 
4-chloro-N-phenylanthranilic acid1. Our interest was to in­
vestigate the effect of ortho-substituents in the nonanth -
ranilic fragment of a molecule on the kinetic parameters of 
alkaline hydrolysis. 
The bimolecular reaction rate constants were calcula­
ted from the variation of sodium hydroxide concentration in 
time by means of Potentiometrie titration. The methods of 
1 
kinetic measurements are analogous . 
The reaction series studied obeys the kinetic equation 
of second order: 
dx 
— = k(a-x)(b-x) (1) 
dt 
where a,b - initial concentrations of ester and alkali 
(mol/1) at time moment t (s); 
X - current concentration of reaction product 
(mol/1) at time moment t (s); 
к - reaction rate constant (1/mol.s). 
The integrated version of the equation is: 
1 a(b-x) 
к = In (2) 
t(b-a) b(a-x) 
permitting to calculate the value of к at time moment t. 
The obtained к value is correctéd for the volume ex­
pansion of the solvent at the experiment's temperature (it 
changes from 25°C to t°) multiplying it by factor f-dg^/d^t 
where d^^, d^. denote the densities of the binary solvent 
dioxan-water at 25°C and t°G. 
The reaction rate constants were calculated according 
to Eq. (2). The changes in the concentrations of the ester 
and the nucleophile do not bring about any change of the bi­
molecular reaction rate constant value in the range of the 
experimental error, thus referring to the total second ord­
er, the first order in nucleophile and in substrate. 
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The introduction of an acceptor substituent (see Table 2) 
accelerates the reaction. This is connected with the stabi­
lization of the acid's anion owing to a more remarkable de-
localization of its charge. Donor substituents are decreas­
ing the reaction rate. 
The comparison of the data of Table 2 and those pub­
lished in 2 lead us to the conclusion that the replacement 
of the CH0 radical by the C2H^ radical in the alcoholic 
fragment of ester within the experiment error does not in­
fluence the value of the reaction rate constant. We can, 
probably, explain it with the isolating effect of the -CH0-
3 
-CH0-CH0 group . This statement confirms the suggestion ex-
2 pressed already in Ref. that the reaction proceeds accord­
ing to the Bac2 mechanism: 
0 0" 
r-c-och2ch2n(r1 )2 + oh™ r-c-och2oh2n(r1 ) 2 
OH 
?" 0 
P-C-0CH20H2N(R1)2^=sr R-O-OH + (R1 ) gNCH^HgO" *• 
OH 
0 
— • R-C-0" + (R^gNCHgCHgOH 
The dependence of the reactivity of the substrate on 
the substituent's nature in the nonanthranilic molecule fra­
gment can be assessed by the Hammett equation (Table 3): 
log к = log kQ + pff (3) 
The value of reaction constant Q for the ester deri­
vatives is positive, which also confirms the Q2 reaction 
mechanism. A rather low Ç value refers to a weak sensitivity 
of the reaction center to the substituent effect in the or-
tho position. If the temperature rises, Ç will decrease, and 
thus makes the electron system of the molecule less sensitive 
to the substituent effect. 
x 1 
For the 2 -derivatives of ß-dimethylaminoethyl ester of 
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4-chloro-N-phenylanthranilic acid, the Ç value is identical 
to that of 41-derivatives of the same ester1 and of the 
1 1 2 ,4 -derivatives of ß-diethylaminoethyl ester of the same 
acid2. Proceeding from that, it was possible to find a com-
1 1 
mon Hammett equation for both 2 ,4 -derivatives of ß-dimeth-
yl- and ß-diethylaminoethyl esters of 4-chloro-N-phenylanth­
ranilic acid (Table 4). 
It should also be mentioned that p values for the de­
rivatives studied and for the methyl esters of 4-nitro- and 
л 5 
4-chloro-5-nitro-N-phenylanthranilic acids * are rather 
close, which confirms the common mechanism of alkaline hy­
drolysis of those compounds. The same is expressed by the 
value of parameter V ^  (Table 5), calculated by Eq. (4): 
r=j)R-COOH (4) 
pR-COOS 
The present reaction series obeys the Arrhenius equa­
tion. Thus, it was possible to calculate activation energy 
Е
д 
and pre-exponential factor A (Table 6). 
The introduction of the electron-acceptor substituent 
makes the Ед value drop, while the use of electron-donor 
substituents has the opposite influence. Changes in In A 
are similar to those of Е
д
. Changes in In A are similar to 
those of Ед. Relationships E& = A + В(Г, In A = С + DÖ are 
not statistically reliable. 
The enthalpies (AH^) and entropies ( A S^) of activation 
have been calculated according to the Eyring equation (see 
Table 7): 
к h Дз^ у 1 
In — * — = - Air • (5) 
T К R RT 
Free activation energy ( ЫФ) was found by the second 
law of thermodynamics (Table 7). 
Negative activation entropy value also proves the Вд
С
2 
mechanism of the reaction studied. High absolute values of 
activation entropy have probably been caused by the form-
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ation of a highly symmetrical intermediate, but the insig­
nificant Ан^ values by the synchronism of the reaction.The 
decrease in the Avalues makes the absolute value of A£r 
rise, thus permitting us to expect the existence of an iso­
kinetic relationship. In order to check the validity of the 
supposition, we analyzed the reaction series according to 
3 the known tests^s 
AH^ - log к
т
_, ДН^ - ДзИ, Ea - log A, p - T"1 
using pattern у = a + bx. 
Calculated values of pair correlations are given in Table 
8. 
The values of isokinetic temperature ß in Table 8 coin­
cide with those found using other methods^ (Table 9). 
The value ß for the reaction series studied is quite 
close to the ß for the alkaline hydrolysis of 41-derivatives 
î î 
of the ß-dimethyl- and 2 ,4 -derivatives of ß-diethylamino-
1 ? 
ethyl esters of 4-chloro-N-phenylanthranilic acid ' , as 
well as for methyl esters of 4-nitro- and 4-chloro-5-nitro-
4 к phenylanthranilic acids ' . This is also confirmed by the 
common mechanisms of those reactions, ß stands out of the 
experimental temperature range, i.e., ethalpic control pro­
bably functions here. 
The obtained results have been treated applying the 
polylinearity principle by a multiparameter equation which 
takes into account the effect of б-constants of substituents 
and temperature (Table 10): 
log к = log kQ + a^ö + a2'T + а^б-Т-1 (6) 
Closeness of values of the parameters of Eq. (6) for the 
î 
compounds studied and 4 -derivatives of ß-dimethyl- and 
2 ,41-derivatives of ß-diethylaminoethyl esters of 4-chloro-
N-phenylanthranilic acid, enabled us to derive a gene­
ral multiparameter equation (6), describing those three re­
action series (Table 11). 
11 
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Experimental 
Reagents. The purification of solvents and testing of 
their purity levels have been described in1. ß-dimethylest-
ers of 4-chloro-N-phenylanthranilic acids were synthesized 
using known methods^'8. Compounds' purity was tested in sys­
tem propanol-water 1:1 by means of element analysis (Table 
1). The solution of sodium hydroxide which did not contain 
any carbonates was prepared in keeping with methods^. 
Kinetic measurements have been described in1. Changes 
in the sodium hydroxide concentration depending on the du­
ration of the reaction were determined by means of Poten­
tiometrie titration on a pH-meter EV-74 with glass ESP-43-
074 and chlorosilver EVL-1M electrodes. The aqueous soluti­
on of HCl was used as the titrant. Linear correlations were 
calculated on a computer Elektronika MK-52, using standard 
programs1®. Multiparameter equation (6) was calculated on 
a EC-1045 computer. 
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EFFECT OF LIGAND VOLUME ON AFFINITY OF MUSCARINIC ANTAGONISTS 
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The applicability of hydrophobic!ty constants 
log P and molar refractivity parameters MR in 
QSAR for muscarinic ligands is compared on the 
basis of binding data for a series of classi­
cal muscarinic antagonists. These compounds 
involve esters, ethers and alkylammonium ions. 
It has been found that the molecular refrac-
tivity parameters give a common linear depen­
dence of pKd upon MR for all of these types of 
ligands, except benzilic and tropic acid es­
ters, for which the mechanism of the recep-
tor-ligand interaction is different from all 
other ligands. In the case of hydrophobic!ty 
parameters the reaction series is split into 
subgroups reflecting their different chemical 
structure. 
Proceeding from the structure of acetylcholine molecule 
important role of the structural fragment NCCOCC has been 
postulated for muscarinic ligands1'5, including both agonists 
and antagonists of this receptor. As a rule the ligands of the 
latter type possess extra bulky substituents at the both ends 
of the NCCOCC backbone. The influence of these apolar fragments 
on binding affinity pKd of ligands has been quantified by means 
of the hydrophobicity constants log P6 7 : 
pKd = с + "f • log P ( 1 ) 
For several groups of muscarinic antagonists these studies 
188 
have revealed linear correlations between the pKd and log P 
values yielding similar slopes f but different intercepts 
с
6,7
. As a rule these subseries of antagonists involve different 
polar groups or different number of electronegative atoms in 
1igand molecule. This means that there are two possible 
explanations of the different intercepts found from Eqn ( 1 ). 
Firstly, Tropsha et al7 took this as an indication of dif­
ferent binding modes of muscarinic antagonists to the receptor 
site. On the other hand, however, the similar slopes of pKd vs 
log P plots were taken as evidence for the common mechanism of 
hydrophobic binding of ligands6, and thus the different 
intercept values can be related to different solvation effects 
on processes of 1igand binding to receptor site and the 
partition of the ligands between water and octanole used as the 
reference system for determining the hydrophobicity parameters. 
In the present analysis the mechanism of the antagonist 
binding to muscarinic receptor is further analyzed by making 
use of the molecular refractivity parameters MR, which also 
characterize the "bulkiness" of 1igand molecule, but differen­
tly from the log P values do not reflect the solvation 
effects of the polar groups in their structure. 
DATA AND METHODS 
The Table contains the binding data for muscarinic antago­
nists compiled from literature and used for the present 
analysis. Besides the ammonium group these compounds involve 
ester or ether groups or are simple alkylammonium salts without 
polar moieties. The log P values for these ligands were 
calculated according to the additive scheme by making use of 
the Rekker fragmentai constants816 and the PRO LOGP program 
ver. 2.0 from CompuDrug LTD (Budapest). As all the compounds 
used in the following analysis involve quaternary nitrogen atom 
at pH 7.5, itT contribution was not taken into account and thus 
all calculated log P'-constants are equally shifted relatively 
to the actual log P values for ligands. 
The MR values were calculated by means of the same prog­
ram and the fragmental constants published by Hansch et al16. 
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Tab!e. 
The set of muscarinic antagonists used for QSAR. 
No Ligand pK log P* MR Ref 
1 . 3 . 5 3  4 . 9 5  5 8 . 5  9  
2 .  Qt 3 . 5 7  4 . 6 4  4 8 . 5  9  
3 .  4 . 4 5  5 . 4 8  7 2 . 8  9  
N 
H "H 
4  .  4 . 5 9  5 . 7 3  5 9 . 3  1 0  
5 .  5 . 0 4  7 . 1 9  7 9 . 6  9  
6 .  5 . 1 8  6 . 5 4  6 9 . 8  1 0  
5 . 3 9  7 . 6 3  7 1 . 2  1 0  
190 
Continuation of Table 
No Ligand pK log P* MR Ref. 
8 .  \  <  7 . 0 3  8 . 5 3  9 4 . 0  9  
О 
„ О 
9 .  /  \  [ 7 . 0 2  8 . 2 2  9 4 . 1  1 0  
•i" 
\ 
1 0 .  ^  3 . 9 7  4 . 3 2  5 6 . 9  1 0  
1 1 -  v  v  4 . 7 0  4 . 4 3  6 7 . 3  1 0  
1 2 .  5 . 2 8  5 . 5 3  6 8 . 8  1 0  
1 3 .  n  6 . 4 1  6 . 1 1  9 1 . 6  1 0  
1 1  •  5 . 3 4  4 . 2 5  6 7 . 7  1 1  
1 5 .  // \  /  X — N + —  5 . 4 3  4 . 6 0  6 3 . 0  1  1  
Оч~Ч*-
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Continuation of Table 
Ligand 
192 
Continuation of Table. 
Ligand 
13 
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Continuation of Table. 
No Llgand pK log P* MR Ref. 
9 . 9 6  4 . 4 6  8 8 . 2  1 3  
-AT 0 
28. "I-vj^X|XNq / 1 0 . 1  2 . 5 0  8 8 . 3  1 4  3 V^4l .  
О 
RESULTS AND DISCUSSION 
The parameters log P' and MR for the set of antagonists 
used in the present analysis are plotted in Fig 1. It can be 
seen that the ligands were split into different subgroups 
reflecting the negative hydrophobic!ty increments for -C00-
and -O- groups which were used for calculating the log P' 
values. Thus there exists no simple correlation between the 
log P' and MR values for the present reaction series. The 
latter fact allows differentiation between the hydrophobicity 
and volume effects on antagonist binding to muscarinic recep­
tor. 
The values of pKd for muscarinic antagonists are plotted 
against log P and MR in Figs.2 and 3. It can be seen that a 
common linear relationship was obtained for alkylammonium ions, 
ethers and esters if the MR constants are used to characterize 
the ligand structure: 
194 
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Fig. 1. Plot of MR versus log P' for the set of muscarinic 
antagonists used for QSAR. Data from Table 1,• -alkylammonium 
ions,Д -ethers,ф-benzilates,®-tropates,Q-other esters. 
where c'= -0.3±0.6 and ~j/ = 0.077±0.008 (correlation 
coefficient 0.913). Benzilie and tropic acid esters deviate 
from this linearity, showing either larger or smaller slopes 
0.12±0.03 (correlation coefficient 0.947) and 0.048+0.005 
(correlation coefficient 0.990), respectively. 
Differently from the data shown in Fig.2 the plot of pKd 
against log P gives several parallel linear dependences, as 
identified in the previous reports6,7. The changes in the 
intercept с in Eqn ( 1 ) are proportional to the negative 
fragmental constants for the polar functional groups of the 
ligands. Thus a conclusion can be drawn that the affinity of 
muscarinic antagonists is governed by the volume of the ligand 
molecules rather than by their hydrophobic!ty, quantified by 
the constants log P. That also means that the splitting of the 
pKd versus log P plot into different parts cannot be regarded 
as evidence of different binding modes of these ligands because 
pKd = c' + ^ MR ( 2 )  
13* 
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26 2728 
• 5 
50 60 70 вО 90 100 110 
MR 
Fig.2. Plot of pKd versus MR for muscarinic antagonists listed 
in Table. Definition of points is given in the Legend to Figure 
1. 
10 
•7 5 
2 3 U 5 6 7 в 
log P' 
Fig.3. Plot of pKd versus log P for muscarinic antagonists 
listed in Table. Definition of points is given in the Legend 
to Figure 1. 
196 
this phenomenon is due to the disparate log P values for 
esters, ethers and alkylammonium ions. 
The benzilic esters involved in the present analysis are 
characterized by a steeper plot of pKd versus log P ' , as has 
been shown previously6. The similar phenomenon can also be 
followed in Fig. 2 where the plot of pKd versus MR is given. 
The latter fact confirms the idea of different mechanisms 
governing the interaction of these ligands with the receptor 
site in comparison with the rest of the reaction series. 
Another deviation of the affinity data from the general 
correlation for the pKd values is revealed in the case of 
esters of tropic acid. In spite of the variations in "bulki-
ness" of these ligands these pKd values are quite similar 
pointing to the absence of the appropriate structural effect. 
It is noteworthy that similar phenomenon can be observed in 
the QSAR when log P constants are used (Fig.3). 
In summary, the affinity of muscarinic antagonists seems 
to depend upon the volume of ligands, quantified by molecular 
refractivity constants MR. In a rather good approximation the 
application of these parameters provides a common inter­
relationship between the structure and potency of muscarinic 
antagonists although the physical meaning of the effects 
quantified by MR is not clear yet. For further analysis of 
the different binding mechanisms found in the case of benzilic 
and tropic acid esters a more thorough kinetic analysis of the 
ligand binding process will be carried out. 
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KINETIC ANALYSIS OF INTERACTION OF ESTER ANTAGONISTS WITH 
MUSCARINIC RECEPTOR 
M.El1er, J.Järv and E. Loodmaa 
Received November 23, 1989 
The kinetic parameters for interaction of 
several non-radioactive antagonists with 
muscarinic receptor from rat brain cortex were 
measured by using N-methyl-[3H]scopolamine as 
radioactive reporter ligand at 25°C and pH 
7.4. It has been found that esters of benzilic 
and tropic acids initiate conformational 
isomerization of the receptor-ligand complex, 
while some variations of the structure of the 
acyl part of these esters result in alteration 
of the reaction mechanism. The data obtained 
were analyzed by means of quantitative 
structure-activity relationships. 
Kinetic studies on binding of several radioactive 
antagonists to muscarinic receptor have revealed complex 
mechanism of this process, the most characteristic feature of 
which is the isomerization of the initial receptor-antagonist 
complex into a slowly dissociating form (RA)1,2,3: 
KA kA 
R + A ===== RA „ - (RA) . (1) 
k
-i 
The latter complex can be determined by the filtration or 
centrifugation methods, generally used for the detection of 
membrane-bound radioligand1. 
According to this reaction scheme the overall process of 
the ligand binding is a reversible process and thus it can be 
characterized by the dissociation constant Kd, which has the 
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same meaning as the appropriate parameter determined from the 
equilibrium binding experiments. However, this constant is an 
apparent parameter : 
Kd = KAKi ' (2) 
where = k_i/k^. The constants Кд and can be separately 
detected by means of kinetic analysis of ligand association 
to the receptor. 
Until recently such kinetic analysis was feasible only 
in the case of radioactively labelled ligands that compli­
cated a wider use of this approach. In our previous paper4 of 
this series we offered an experimental procedure to investi­
gate the kinetic mechanism of interaction of non-radioactive 
ligands with muscarinic receptor by making use of one radio­
active "reporter ligand". In the present study by means of 
this experimental procedure the mechanism of interaction of 
several muscarinic antagonists with the membrane-bound 
receptor from rat brain cerebral cortex is analyzed. 
EXPERIMENTAL 
N-methyl-[3H]scopolamine (72 Ci/mmole) was obtained from 
"Amersham". Atropine, N-methylatropine, scopolamine and 
benzoylcholine were commercial products from "Sigma" and they 
were used without any additional purification. N-Methylqui-
nuclidinyl benzilate, choline benzilate, N,N-dimethylamino-
ethyl benzilate and choline ester of phenylcyclopentylhydr-
oxyacetic acid were synthesized and kindly donated for 
kinetic studies by Prof. N.Godovikov, the Institute of 
Elementoorganic Compounds, Moscow. 
Choline ester of phenylacetic acid was synthesized 
proceeding from dimethylaminoethanole and phenylacetyl 
chloride and the product was methylated by CHgl by conven­
tional procedures5. The structure of the compound obtained 
was verified by the NMR spectrum and it» purity was checked 
by the HPLC analysis (solvent tetrahydrofuran:H20 7:3, column 
"Zorbax ODS", 4.6x250 mm). 
All the other chemicals of analytical grade were 
obtained from Reachim, USSR. 
The membranes from rat cerebral cortex were prepared as 
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described by Langel et al6. The membrane-bound radioligand 
was determined by the filtration method using Whatman GF/B 
filters. The kinetic experiments were carried out in 0.05 M 
K-phosphate buffer, pH 7.40, at 25°C. 
The theoretical background and experimental procedures 
for kinetic measurements were described in detail by Eller et 
al4. N-Methyl-[3H]scopolamine was used as the "reporter li­
gand". The experiments were made at the excess of radioligand 
(InM) over the receptor concentration (50-100 pM) to meet the 
pseudo-first-order conditions and the kinetic curves were 
measured at different concentrations of non-radioactive 
antagonists. These kinetic data were fitted to the rate 
equation consisting of either one or two exponential terms 
depending upon the nature of the process : 
Bt = Bns + X Bspi*exP(~kit) (3) 
i 
where Bt - concentration of the membrane-bound radioligand 
at time t, Bns - concentration of the non-specifically bound 
radioligand, Bspi - maximal concentration of the specifical­
ly bound radioligand to fraction 1 and i=l or 2. Further 
the plots of the observed rate constants against the concen­
tration of non-radioactive antagonist were analyzed to 
calculate the appropriate kinetic parameters. The experimen­
tal data were processed on a PC/XT computer by means of a 
nonlinear regression program. 
RESULTS 
1. Kinetic analysis 
The non-radioactive antagonists listed in Tables 1 and 2 
had two types of effects on the kinetics of binding of 
N-methyl-[3H]scopolamine to membrane-bound muscarinic recep­
tor (Figs. 1 and 2). Some of these antagonists caused the 
increase in the observed rate of radioligand association that 
gives evidence of the isomerization of the receptor-1igand 
complex, as it was shown in4. In these cases the kinetic 
curves were analyzed by rate equation (3) containing two 
exponential terms. 
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Fig.l (left). Influence of scopolamine on the apparent rate 
constants of N-methyl-[3H]scopolamine binding to muscarinic 
receptor from rat cerebral cortex, 0.05 M K-phosphate buffer, 
pH 7.4, 25°C. 
Fig.2 (right). Influence of choline ester of phenylcyclo-
pentylhydroxyacetic acid on the apparent rate constants of 
N-methyl-[3H]scopolamine binding to muscarinic receptor from 
rat cerebral cortex, 0.05 M K-phosphate buffer, pH 7.4, 25°C. 
The hyperbolic plot of the rate constant obtained from 
the first exponential term against antagonist concentration, 
kd[A] 
kj = (4) 
KA + [A] 
allows the calculation of the К
д 
and k^ values. The second 
exponent allows the estimation of the k_j values4. The 
results obtained by this method are listed in Table 1. 
Some other antagonists caused the inhibition of radio­
ligand (A*) binding, resulting in the decrease in the 
apparent rate constants as shown in Fig. 2. In this case only 
the reversible binding constant for non-radioactive antago­
nist A can be calculated4: 
203 
к*[A*] 
ki'= ; — (5) 
(1 + [A]/Kd)KÄ + [A ] 
The results obtained are listed in Table 2. 
Table 2 
Binding data for antagonist interaction with muscarinic 
receptor, 25°C, pH 7.4, 
Antagonist KA 
nM 
Kd 
nM 
MR Notes 
10. 
Ph 
HOCC ( 0 ) OC2II4N+ ( CH3 ) З 
cyC5H9 
8 , 5+0,8 9.0+0.3 90.2 
-
11. PhC(0)OC2H4N+(CH3)3 3760+540 3550+160 63.0 -
12. PhCH2C(0)OC2H4N+(CH3)g 4530+380 4010+730 67.7 -
13. PhCH2C ( 0 ) 0-<^\+Ме2 - 457 74 .9 Ref.9 
14. 
Ph /—X 
HCC(0)04 N-Me 
Ph V-/ 
-
1.0 99.2 Ref.9 
15. 
Ph 
HOCC(0)0C,H4N+Et,Me 
cyCgHll 
-
0.26 105. 6 Ref.10 
2. Structure-Activity Relationships 
Besides the compounds studied in the present report the 
binding data for some other esters were compiled from 
literature (see Table 1 and 2). Among these compounds there 
are several radioligands for which the direct kinetic 
analysis of the binding mechanism was made previously1'2'3. 
The molecular refractivity parameters were applied for 
correlation of the binding data for muscarinic antagonists. 
These parameters for the whole ester molecule as well as for 
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70 80 90 100 
MR 
Fig.3. The plot of pKd and 
рКд (ф (benzllates) , (£) 
(tropates ) for muscarinic 
antagonists upon the parameter 
of molecular refractivity, MR. 
Numbers of the points corres­
pond to Tables 1 and 2. 
its alkyl part were calculated by making use of the appropri­
ate fragmental constants8 (see Tables 1 and 2). 
The correlation of the pKd values with the MR-constants 
yields linear dependences as shown in Fig.3, 
pKd = const + f MR (6) 
It can be seen that three different groups of antagonists axe 
revealed from the pKd vs MR plot, which involve tropic esters 
(4/ =0.046+0.004), benzilic esters (^=0.14+0.02) and the rest 
of esters involved in this analysis ( =0.10+0.01). Further 
constants pKA were built up into the analysis. In the case of 
benzilic esters these data fit the correlation between pKd 
and MR for other esters, while the data for tropates still 
form a separate series pointing to the fact that the affinity 
of these ligands is almost independent of their structure. 
The muscarinic antagonists which initiate the isomeri­
zation of the receptor-1igand complex are characterized also 
by the second equilibrium constant, Ki=k_^/ki. This para­
meter , which was calculated from the rate constants k^ and 
k_i( also depends upon the ligand structure. However, in this 
case a more clear picture was obtained if the pK^ values were 
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analyzed by making use of the MR values for the alkyl groups 
of these esters (Fig.4). It can be seen that for smaller 
substituents a linear dependence can be obtained while 
beginning from some MR-value this parameter has no influence 
on the pKj values and a clear break reveals in the plot. 
Application of same parameters MRalk for correlation of the 
рКд-values yielded a rather similar plot. 
In both directions the rate of the conformational 
isomerization process of the receptor-1igand complex achieves 
minimum and the further inrease in the bulkiness of the 
substituent leads to some increase in the values of rate 
constants k^ and k_^ (Fig.5). In summary, these effects are 
similar in the case of both rate constants. 
30 UO 50 
MRalk 
Fig.4. Dependence of рК
д 
ф and pKj Q upon structure of 
the alkyl part of the ester antagonists. Numbers of the 
points correspond to Table 1. 
Fig.5. Effect of structure of alkyl groups of ester antago­
nists upon the rate of the conformational isomerization of 
the receptor-ligand complex, k^ (^) and k_^ . Numbers of 
the points correspond to Table 1. 
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DISCUSSION 
In the present study the kinetic data for seven muscari­
nic antagonists were obtained by making use of a single 
radioactive ligand as proposed by Eller et al*. The results 
obtained allow to differentiate the classical muscarinic 
antagonists by the kinetic mechanism of their binding to the 
receptor site. At least two subclasses can be found. For the 
first group of antagonists the kinetic evidence of the iso­
merization process of the receptor-antagonist complex can be 
easily obtained and dissociation constant К
д 
as well as the 
isomerization rate constants can be calculated from these 
data. 
In the case of the second subclass of antagonists the 
overall process of ligand association can be fitted to a 
simple binding isotherm formally corresponding to a single-
step mechanism of ligand association. 
There can be two explanations for such a kinetic 
behavior of the muscarinic antagonists of the latter type. 
Firstly, it is possible that these ligands do not initiate 
the isomerization process and thus the formation of the 
receptor-1igand complex obeys the simple mechanism, 
Kd 
R + A - * RA (8) 
where Kd = k_1/k1. On the other hand, the mechanism of 
binding of these compounds may involve also the isomerization 
step, which is, however, too fast to be followed by the 
experimental methods used. In the latter case the observed 
dissociation constant Kd is a complex parameter having the 
same meaning as given by Eqn (2). 
As these two possibilities cannot be differentiated 
proceeding from the results of direct kinetic experiments, 
quantitative structure-activity relationships were used as 
tools to analyze the mechanism of ligand binding to muscari­
nic receptor in the present study. Some additional kinetic 
data from previous publications on the same topic were also 
involved in the analysis. 
It can be seen in Fig.3 that the constants рКд and рКд 
207 
for benzilic esters form two separate lines of different 
slopes, corresponding to different mechanisms of the recep-
tor-1igand interaction: the single step binding (К
д
) and the 
two step scheme involving isomerization (Kd) . The pK^-values 
for the esters # 10, 11 and 12 fit the plot for рК
д
, giving 
evidence of a single-step binding mechanism (8) for these 
esters. 
The picture is more complex in the case of tropic 
esters, for with the plots of pKd and рКд vs the MR-constants 
have slopes, different from that obtained for other esters. 
This means that the effects, which seem to be governed by the 
ligand volume as the specificity determining factor, are 
saturated in the case of these ligands. The apparent binding 
effectiveness of these ligands, quantified by the constant 
Kd, can be, however, remarkably increased through the 
isomerization steps, shifted to the right. The difference 
between the pKd and рКд values, equal to the value of pK^ 
(see Eqn(2)), clearly points to the importance of the 
isomerization process in the case of these specific muscari­
nic antagonists. 
Until now the isomerization step has been detected in 
the case of benzilates and tropates. Even a small modifi­
cation of the acyl part of these ligands results in the 
alteration of this binding mechanism. At the same time the 
alkyl group of the ester antagonists can be widely varied 
without alteration of the reaction mechanism. These vari­
ations in ligand structure result in a change of binding 
affinity as well as the isomerization equilibrium. The latter 
correlation can be analyzed if the MR-constants for the alkyl 
part of esters are used. In this case the data for the 
tropic and benzilic esters can be analyzed within the 
framework of a common reaction series. 
It is noteworthy that the same specificity determining 
factor, quantified by MR, is revealed two-fold in the fol­
lowing each other steps of the receptor-1igand interaction. 
Previously similar phenomena were found in the case of enzyme 
reactions where the same structural factor of substrate 
( hydrophob!city) reveals in both non-covalent binding and 
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following reaction steps„ pointing most probably to some 
conformational changes of the enzyme molecule in the bond-
breaking step of catalysis. However, until now we can point 
only to a formal similarity between the processes of ligand 
binding to receptor and enzyme catalysis, because there is no 
solid explanation of the LFE relationships between the 
binding affinity and the MR-constants as structural parame­
ters. Thus the physicochemical background of the phenomemon 
of "double specificity", described in the present study, is 
not clear yet. 
The latter part of this discussion concerns the struc­
ture-activity relationships for the rate constants k^ and 
k_£. It can be seen in Fig. 5 that a clear minimum appears in 
the log ki and log k_^ vs MRaik plots pointing to the 
importance of structural fit of the ester alkyl group to the 
receptor site. For quinuclidiny1 moiety the rate of the 
conformational transition of the receptor-ligand complex is 
the smallest in the reaction series studied. On the other 
hand, this means that for this structure the activation 
barrier of the conformational transition is the highest. 
The isomerization step of the receptor-antagonist 
complex involves most probably a conformational change of the 
system, for which the following schematic representation can 
be proposed. 
-r\Zl 
RA (RA) 
In these Schemes the main difference between the 
receptor-ligand complexes RA and (RA) is the "depth" of 
uptake of the ligand molecule into the receptor molecule. We 
propose that this principle of receptor-antagonist interac­
tion can have a more general meaning and lead to the "iso­
merization" of the complexes of other cellular receptors with 
their specific ligands. The site, responsible for the 
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"uptake" of ligand molecule, can be either the ordinary 
binding site of the receptor or a putative channel system 
integrated with the receptor. In the latter case the recep-
tor-bound antagonist also inhibits the process of signal 
transmission by the receptor. 
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QUANTUM-CHEMICAL INVESTIGATION OF THE REACTION FIELD 
EFFECTS ON THE POLAR RESONANCE IN DISUBSTITUTBD ETHYLENES. 
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Laboratory of  Chemical  Kinetics and Catalysis,  Tartu 
University,  2 Jakobi St,  202400 Tartu, Estonian S.S.R. 
Received August 29, 1989 
A quantum-chemical  study of four model disubstituted 
ethylenes was carried out using the AMI SCF and SCRF 
semi-empirical  models.  Remarkable dependence of  the re­
sonance energies on the polar i ty of solvent was ob­
served .  
1. Introduction. 
Polar resonance plays an important role in the explana­
t ion of such phenomena as chemical structure and react ivi ty,  
various spectra of molecules and polar i ty of compounds. In 
recent years certain experimental evidence has been col lec­
ted, indicat ing that polar resonance is not purely an intra­
molecular electronic effect,  but i t  also depends on the 
medium. For instance, the cross terms between the solvent 
and electronic resonance parameters appear in the formal 
schemes based on l inear free energy relat ionships (LFER), 
showing that the resonance and solvent effects are not inde­
pendent of each other /1/.  Therefore a theoret ical study of 
the solvent effects on the electronic structure of molecules 
is of essential  importance. 
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In this paper we present the results of  the quantum-
chemical  study of solvent effects on the polar resonance 
energies in model disubstituted ethylenes. The solvent in­
f luence on the molecular electronic structure was simulated 
theoret ical ly using the seIf-consistent react ion f ield 
(SCRF) model /2,3/.  
The essence of the SCRF quantum-chemical method is sum­
marized in the use of a modif ied Hamil tonian fi* in the 
Schroedinger equation for the polar solute molecules in the 
fol lowing form /2/:  
H' = H0  + Г<Ф|ц|Ф> ,  (1) 
where Ф is  the electronic wave function of the molecule, ц 
is  the dipole moment operator and Hj  -  the Hamiltonian for 
the isolated molecule. The mult ipl ier Г in the last term 
(the reaction f ield tensor) is  a function of the dielectr ic 
propert ies of the solvent and the size of the solute mole­
cule. According to the Kirkwood-Onsager theory /4,5/:  
2 ( e  +  1 )  
Г = ,  (2) 
(2e- l)V 0  
where e denotes the dielectr ic constant of  the medium and 
Vj  is  the volume of the cavity into which the solute mole­
cule is embedded. The use of the macroscopic dielectr ic 
constant of the solvent in the last formula is just i f ied in 
the case of the t ime-averaged or ientat ional polar izat ion of 
the solvent molecules in the f ield of solute molecule. 
The electronic energy of the solute molecule in the di­
electr ic medium is calculated then by the solut ion of the 
respect ive one-electron Fock equations 
fi '  i  yi = e д ( 3 )  
using the self-consistent f ield procedure [2,3].  Here y^ de­
notes a molecular orbi tal  of the energy e^ ,  and h\  is the 
one-electron Hamil tonian corresponding to the H". The elec­
tronic energy of the molecule is given by expression 
E t ,  = 2 Pi/1 и + 1/2 1 ? ij Pjj( <ij I kl> -l/2<ik| jl>),<4) 
id ijkl 
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where Рц and P t l  denote the corresponding density matrix 
elements, Нц is  the one-electron modif ied core hamiltonian 
element,  and <i j|kl> and <ik|j1> -  the two-electron repul­
sion integrals. The total  energy is calculated as fol lows :  
Eto t  = Sl +  2 -------1  + Г 2 ZjKR t *<$|Ci|®> (5) 
k> 1 !\i к 
where the sums are taken over al l  the nuclei  in the mole­
cule, Zi and 3 are the core charges of the nuclei ,  R^p in-
ternuclear distance, and denote their radius-vectors. 
The method described above was real ized by us as a mo­
di f icat ion of the HOPAC program package /6/.  
2. The system used. 
We chose one of the simplest objects where polar reso­
nance is involved: 1,2-disubst i tuted ethylenes. The subst i-
tuents used were -OH and -NH; representing +R and -CHO and 
-CN as -R-groups, respect ively. This choice results in the 
fol lowing four compounds involving polar resonance at the 
double bond: H0-CH=CH-CH0, H2N-CH=CH-CH0, HO-CH=CH-CH, and 
Hj N-CH=CH-CHO. Since intramolecular hydrogen bonds may be 
present in the cis-forms of the compounds, only trans-forms 
were invest igated for the sake of el iminat ion of this side 
effect di f f icult  to take into account in the resonance ener­
gy analysis. 
Recent quantum-chemical calculat ions of some subst i tu­
ted ethylenes /7-10/ have been publ ished, however due to the 
di f ferent quantum-chemical methods used, and to the exclu­
sion of solvent effects in study, these results are not di­
rect ly comparable to ours. 
Resonance energy in disubst i tuted ethylene is def ined 
by us as the change of enthalpy in the fol lowing hypothet ic 
react ion :  
1/2 X-CH=CH-X + 1/2 Y-CH=CH-Y = X-CH=CH-Y 
where X and Y are any of the subst i tuents quoted previously. 
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The definit ion of the polar resonance energy is  given then 
by formula 
ER. IY  =  H  f , IY  -  V2  (  H { ) U  + H f [ Y Y )  ,  (6 )  
where I^ jy is  the resonance energy, H f  is  the calculated 
heat of  formation of a compound, and X and Y represent dif­
ferent subst i tuents. 
A separate problem arises with this def ini t ion of reso­
nance energy: the homosubsti tuted ethylenes (XX or YY in our 
notat ion) may be composed by "cutt ing" the heterosubst i tuted 
one (XY) into two parts along the C=C bond and adding a mir­
ror image to the half  of the molecule obtained so. The XX 
and YY compounds' energies are then calculated using opt i­
mized bond lengths and angles for heterosubst i tuted com­
pounds. Another possibi l i ty is to opt imize further also the 
geometr ies of the homosubsti tuted ethylenes and use their 
calculated entalphies of formation in evaluat ion of the re­
sonance energy. The f i rst  def ini t ion proposed here should 
give a more " theoret ical" view on the resonance as no geome­
tr ic stabi l izat ion effects are encountered. On the other 
hand, def ini t ion of resonance on the basis of opt imized geo­
metr ies should yield results more comparable to the experi­
mental data. Both variants were used in this study and the 
results are given in paral lel .  They wi l l  be referred to, as 
"symmetr ic",  and "opt imized", respect ively. 
In order to invest igate the solvent effects, two calcu­
lat ion series were carr ied out.  In the f i rst  of them the 
standard SCF procedure (gas-phase calculat ion) was used, the 
second one involved the react ion f ield model with the sol­
vent dielectr ic constant €=78.5 .  The latter wi l l  be refer­
red to below as the "solut ion" calculat ion. The AMI semiem-
pir ical parametr izat ion for the elements by Dewar /11/ was 
used in calculat ions. The cavity volumes V0  (cf.  Eq.2) were 
calculated from the addit ive molecular refract ions Rg of  the 
bonds present in the molecules. Geometr ies were opt imized 
for each molecule both in the gas and solut ion phases, ex­
cept for the homosubsti tuted ethylenes used in the calcula­
t ion of the "symmetr ic" resonance energies. 
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3. Rssults rivtd discussion. 
The heats of  formation, dipole moments, cavity radi i  
used, and optimum geometries of  the compounds investigated 
are given in Table 1.  The conformational  (dihedral)  angle 
between bonds was defined as fol lows: 
Dihedral  angle 
A -  C t  - q -  В 
Al l  unspecif ied dihedral  angles were set to 0 or 180 degrees 
in order to guarantee the complanarity of  the molecule. 
These results indicate signif icant solvent inf luence on 
the electronic structure of several  molecules. In al l  com­
pounds, where a substant ial  redistr ibut ion of electron den­
si ty is possible, i .e.  in the heterosubst i tuted compounds, 
the dipole moments tend to increase in polar solvent,  resul­
t ing also in a lower heat of formation than in the gas pha­
se. In most cases the geometr ical variables (bond lenghts 
and bond angles) of the molecules are rather insensit ive to 
the change of environment into which the molecule is embed­
ded .  However, the geometr ies of some molecules tend to 
change in solut ion towards the more polar conformations, re­
sult ing in an addit ional increase of the dipole aoment and 
consequent decrease of the heat of formation due to the so­
lute-solvent polar izat ion effects, e.g. 
, 0 H 
H - с z H 0 - С z H 
4  
С = О z  Х  С = С z  
н
7 
Ч H у 4 О - H 
H ' 
gas phase solution 
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I t  could also be noticed, that whi le in the gas phase 
the NH 2 -group is  almost in the tetrahedral  form (s^ hybri­
dizat ion), in the solut ion the opt imal geometry is planar 
(SE? ) .  Various geometr ic effects can also be observed in ho­
mosubsti tuted ethylenes, i f  the geometr ies are opt imized. A 
trend towards more asymmetr ic geometr ies in solut ion can be 
observed, compared to the symmetr ic ones in gas phase. 
One can also see in Table 2 that the resonance energies 
tend to increase with the increase of the dielectr ic cons­
tant of the solvent.  This should be considered as one of the 
main results of this work: energies of polar resonance are 
substantially different in the gas phase and in a solution 
of high dielectr ic permitt iv i ty.  In various formal solvent 
effect theories /11-15/ a l inear relat ionship between the 
react ion energies, free energies or act ivat ion energies and 
the observable solvent polar i ty parameters is postulated. 
Our calculat ions indicate that this assumption may be accep­
table for resonance energies in subst i tuted ethylenes only 
i f  the "symmetr ic" geometr ies are assumed for the reference 
compounds (see Fig. 1).  However, i f  the opt imal geometr ies 
for the reference compounds are used ("experimental" s i tua­
t ion),  no smooth dependence between the resonance energies 
in di f ferent phases for a series of compounds can be obser­
ved (Fig. 1).  This also means, that any predict ions of the 
electronic effects in compounds with direct polar resonance 
by the quantum-chemical calculat ion should involve solvent 
effects (e.g. SCRF procedure should be used instead). 
Another important quest ion is the val idi ty of the l i ­
near relat ionships between the resonance energies in series 
of compounds with one constant subst i tuent (e.g. XjY and 
XjY). I f  entropy effects are small  enough, which should be 
the case for our model compounds, the free energy relat ion­
ships for di f ferent react ions involving these compounds 
should also look quite simi lar.  To test this assert ion, the 
fol lowing procedure was carr ied out :  using di f ferent values 
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of € ,  enthalpies of formation of the compounds were calcula­
ted for both gas-phase and solut ion geometr ies without addi­
t ional opt imizat ion. The lower of these two values was used 
for each compound to calculate the resonance energy. The re­
sonance energies for di f ferent compounds were then compared 
to each other (see Fig. 2).  Each point on these graphs re­
fers to a pair of calculat ions with di f ferent e (and, conse­
quently,  Г) value. I t  can be seen even on the basis of  the 
small  set of  compounds used, that the relat ionships can be 
either l inear (Fig. 2a) or nonl inear (Fig. 2b).  Consequent­
ly,  the use of l inear relat ionships on Kirkwood-Onsager pa­
rameters for descript ion of experimental solvent effects in 
resonance-affected systems is unjust i f ied in some cases. 
In order to general ize the conclusions obtained in this 
paper, more extensive invest igat ion of other systems (e.g. 
disubst i tuted benzenes and 1,3-butadienes) is needed. 
217 
Table 1:  The AMI Calculated Heats of  Formation (  Hf ,  kcal/mol),  
Dipole Moments (D),  and Geometries of  Disubstituted Ethy­
lenes .  
Note :  al l  unspecif ied dihedral angles are set to 0 or 180 degrees 
in order to keep the molecule planar. 
HO-CH=CH-CN 
Variable Gas Solut ion 
Heat of Formation -2.51 -8.56 
Dipole Moment 3.60 3.69 
Cavity Radius, A n/a 3.038 
hnnd lentf ths. A 
С = С 1.35 1.35 
С -  H (at  CN) 1.10 1.10 
С -  H (at  ОН) 1.10 1.11 
С -  0 1.37 1.36 
0 -  H 0.97 0.97 
С -  С (at  CN) 1.41 1.41 
С Е. N 1.16 1.16 
bond angles, deg 
С -  С -  H (at  CN) 121.4 121.8 
С -  С -  H (at  ОН) 124.6 125.7 
С -  С -  0 118.1 125.5 
С -  0 -  H 107.5 111.4 
С -  С -  С (at  CN) 122.3 122.9 
С -  С -  N 179.5 175.7 
dihedral  angles, deg 
H  - С  - 0  - H  ( a t  О Н )  3.6 179.8 
"n/a" means that cavity radius is  not applicable for gas phase. 
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H2e-ch=CH-CE 
Variable Gas Solution 
Heat of  Formation 37.66 28.69 
Dipole Moment 5.14 6.64 
Cavity Radius, A n/a 3.148 
hnnrf lentfths. A 
С = С 1.36 1.37 
С -  H (at  CN) 1.10 1.10 
С -  H (at  NH 2 )  1.11 1.11 
С -  N (at  NH 2 )  1.37 1.36 
N -  H 0.99 0.99 
N -  H 0.99 1.00 
С -  С (at  CN) 1.41 1.41 
sc u
i 
и
 
1 .17 1.17 
С -  С -  H (at  CN) 123.0 121.6 
С -  С -  H (at  NH 2 )  120.5 121.5 
С -  С -  N (at  NH 2 )  125.1 124.9 
С -  N -  H 120.1 122.0 
С -  N -  H 119.1 121.4 
С -  С -  С (at  CN) 121.5 122.4 
С -  С -  N (at  CN) 178.1 175.6 
dihedral  antf les. dee 
H -  N -  С -  H (at  NH 2  1 -174.0 176.9 
H -  N -  H ( in NH 2 )  160.7 -174.9 
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но-сн=сн-сно 
Variable Gas Solution 
Heat of  formation -68.47 1 СЛ
 
Dipole moment 3.10 5.81 
Cavity Radius, A n/a 3.049 
bond lengths.A 
С = С 1.35 1.35 
С -  H (at  CHO) 1.10 1.10 
С -  H (at  ОН) 1.11 1.11 
С -  0 (at  ОН) 1.36 1.36 
0 -  H 0.97 0.98 
С -  С (at  CHO) 1.46 1.45 
С -  H ( in CHO) 1.11 1.12 
С -  0 ( in CHO) 1.24 1.24 
bond aneles. detf 
С -  С -  H (at  CHO) 121.7 120.6 
С -  С -  H (at  ОН) 124.6 124.7 
С -  С -  0 ( in ОН) 125.1 118.2 
С -  0 -  H ( in ОН) 109.7 108.6 
С -  С -  С ( in CHO) 121.3 121.6 
С -  С -  H ( in CHO) 114.5 114.0 
С -  С -  0 ( in CHO) 123.9 123.7 
Hihftr irnl  antf les.detf  
H -  С -  0 -  H (H in OH) 178.2 3.3 
H -  С -  С -  H (C in CHO) 10.1 176.8 
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н2н-сн=сн-сно 
Variable Gas Solution 
Heat of  formation -25.73 -33.30 
Dipole moment 4.30 6.94 
Cavity Radius, A n/a 3.158 
bond lentfths.A 
С = С 1.36 1.36 
С -  H (at  Mg) 1.10 1.10 
С -  H (at  CHO) 1.11 1.11 
С -  N 1.36 1.36 
N -  H 0.99 0.99 
N -  H 0.99 0.99 
С -  С (at  CHO) 1.45 1.46 
С -  H ( in CHO) 1.12 1.12 
С -  0 ( in CHO) 1.24 1.23 
bond antf les. dee 
С -  С -  H (at  NH 2 )  121.8 122.2 
С -  С -  H (at  CHO) 119.3 120.3 
С -  С -  N 125.6 126.0 
С -  N -  H 120.6 120.0 
С -  N -  H 119.6 122.7 
С -  С -  С (at  CHO) 121.6 124.0 
С -  С -  H ( in CHO) 114.8 111.3 
о
 
о
 
о
 
124.7 127.7 
dihedral  antf les. detf  
H -  С -  N -  H -175.2 0.0 
H -  С -  N -  H 163.9 180.0 
H -  С -  С -  H ( in CHO 
1 2  
180.0 
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HC-CH=CH-CN 
Variable Gas Solution 
Heat of  formation 76.03 76.09 
Dipole moment 0.03 0.06 
Cavity Radius, A n/a 2.500 
bond lendths. A 
С = С 1.34 1.34 
С -  H (ethylene 1.11 1.11 
С -  H hydrogens) 1.11 1.11 
С -  С 1.42 1.42 
С -  N 1.16 1.16 
С -  С 1.42 1.42 
С -  N 1.16 1.17 
bond nntf1 es. detf  
С -  С -  H 122.5 123.3 
С -  С -  H 122.6 122.6 
С -  С -  С 122.2 122.1 
С -  С -  N 178.4 179.8 
С -  С -  С 
122.9 121.1 
С -  С -  N 178.4 179.4 
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онс-сн-сн-сно 
Variable 
gas 
symmetric 
for NH2 
geometries 
for OH 
optimal 
Heat of  formation -47.20 -47.16 -47.47 
Dipole moment 0.00 0.00 0.94 
bond lengths. A 0.00 0.00 0.00 
С = С 1.34 1.34 1.34 
С -  H (ethylene 1.10 1.10 1.10 
С -  H hydrogens) 1.10 1.10 1.10 
С -  С 1.47 1.48 1.47 
С -  H 1.11 1.11 1.11 
С -  0 1.23 1.23 1.23 
С -  С 
1.47 1.48 1.48 
С -  H 1.11 1.11 1.11 
С -  0 1.23 1.23 1.23 
bond antf les. detf  
С -  С -  H 121.2 121.3 122.6 
С -  С -  H 121.2 121.3 122.6 
С -  С -  С 122.6 122.3 122.2 
С -  С -  H 115.1 115.4 115.4 
С -  С -  0 123.5 123.1 122.8 
С -  С -  С 122.6 122.3 121.8 
С -  С -  H 115.1 115.4 115.6 
С -  С -  0 123.5 123.1 122.6 
dihedral  antf les.detf  
H -  С -  С -  С 180.0 180.0 180.0 
H -  С -  С -  H 0.0 10.1 168.2 
H -  С -  С -  0 180.0 180.0 180.0 
H -  С -  С -  С 180.0 180.0 180.0 
H -  С -  С -  H 0.0 
-10.1 164.1 
H -  С -  С -  0 180.0 180.0 180.0 
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OHC-CH=CH-CHO (continued) 
Variable 
solution 
symmetric 
for both 
optimal 
Heat of  formation -47.62 -50.43 
Dipole moment 0.00 4.44 
Cavity Radius, A 3.224 3.224 
bond lengths, A 
С = С 1.34 1.34 
С -  H (ethylene 1.10 1.10 
С -  H hydrogens) 1.10 1.11 
С -  С 1.47 1.47 
С -  H 1.11 1.12 
С -  0 1.23 1.24 
С -  С 1.47 1.48 
С -  H 1.11 1.12 
С -  0 1.23 1.24 
bond antfles. detf 
С -  С -  H 122.6 122.6 
С -  С -  H 122.6 120.3 
С -  С -  С 122.2 124.4 
С -  С -  H 115.4 116.4 
С -  С -  0 122.8 121.0 
С -  С -  С 
122.2 121.5 
С -  С -  H 115.4 115.3 
С -  С -  0 122.8 121.6 
dihedral  antf les.detf  
H -  С -  С -  С 180.0 180.0 
H -  С -  С -  H 180.0 166.4 
H -  С -  С -  0 180.0 180.0 
H -  С -  С -  С 180.0 180.0 
H -  С -  С -  H 180.0 15.2 
H -  С -  С -  0 180.0 180.0 
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но-сн=сн-он 
Variable 
gas solu­
t ion 
f lat  geometr ies 
for CN for CHO 
opt imal 
Heat of formation -75.48 -79.79 -79.73 -79.63 
Dipole moment 0.00 0.00 0.12 2.77 
Cavity Radius, A n/a n/a n/a 2.852 
bond lentf ths.A 
С = С 1.35 1.35 1.35 1.35 
С -  H (ethylene 1.10 1.10 1.10 1.10 
С -  H hydrogens) 1.10 1.10 1.10 1.10 
С -  0 1.38 1.37 1.38 1.38 
0 -  H 0.97 0.97 0.97 0.97 
С -  0 1.38 1.37 1.37 1.37 
0 -  H 0.97 0.97 0.97 0.97 
hnnri  япеИ es .  rietf  
С -  С -  H 124.2 126.2 126.0 124.5 
С -  С -  H 124.2 126.2 126.2 124.4 
С -  С -  0 117.4 123.9 123.3 117.8 
С -  0 -  H 106.2 108.7 108.4 106.1 
С -  С -  0 117.4 123.9 123.9 124.1 
С -  0 -  H 106.2 108.7 108.6 108.5 
dihedral  antf les.detf  
H -  С -  0 -  H 0.0 180.0 
-173.4 0.0 
H -  С -  0 -  H 0.0 180.0 178.1 180.0 
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н2и-сн=сн-нн 
Variable 
gas 
symmetric 
(for both) 
optimal 
Heat of  formation 13.13 8.63 
Dipole moment 0.00 0.09 
bond lengths. & 
С = С 1.36 1.36 
С -  H (ethylene 1.11 1.11 
С -  H hydrogens) 1.11 1.11 
С -  N 1.38 1.40 
N -  H 0.98 1.00 
N -  H 0.98 1.00 
С -  N 1.38 1.40 
N -  H 0.98 1.00 
N -  H 0.98 1.00 
bond angles, deg 
С -  С -  H 121.6 121.7 
С -  С -  H 121.6 121.6 
С -  С -  N 124.2 124.4 
С -  N -  H 119.8 112.3 
С -  N -  H 118.7 113.8 
С -  С -  N 124.2 124.2 
С -  N -  H 119.8 113.8 
С -  N -  H 118.7 111.9 
dihedral  antf les.detf  
H -  С -  С -  N 180.0 180.0 
H -  С -  N -  H -174.0 36.4 
H -  С -  N -  H 162.0 127.5 
H -  С -  С -  N 180.0 180.0 
H -  С -  M -  H 174.0 -165.6 
H -  С -  N -  H -162.0 126.4 
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H2H-CH=CH-EH2 (continued) 
Variable 
solution 
symmetric 
for CN 
optimal 
Heat of  formation 13.75 8.31 
Dipole moment 0.00 3.24 
Cavity Radius, A 3.090 3.090 
bond lengths - A 
С = С 1.36 1.36 
С -  H (ethylene 1.11 1.11 
С -  H hydrogens) 1.11 1.11 
С -  N 1.38 1.40 
N -  H 0.98 1.00 
N -  H 0.98 1.00 
С -  N 1.38 1.41 
N -  H 0.98 1.01 
N -  H 0.98 1.01 
bond antf les. detf  
С -  С -  H 121.7 121.8 
С -  С -  H 121.7 121.9 
С -  С -  N 124.1 123.7 
С -  N -  H 119.1 111.7 
С -  N -  H 120.5 113.0 
С -  С -  N 124.1 125.0 
С -  N -  H 119.1 109.3 
С -  N -  H 120.5 111.7 
dihedral angles, deg 
H -  С -  С -  N 180.0 180.0 
H -  С -  N -  H 12.0 17.6 
H -  С -  N -  H 169.0 125.2 
H -  С -  С -  N 180.0 180.0 
H -  С -  N -  H 
-12.0 52.2 
H -  С -  H -  H 
-169.0 119.0 
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Table 2: Heats of Formation Hf, Resonance Energies 
Ep and the Dipole Moments ц of the Compounds. 
X Y 
€ HF U E g(sym) E R(opt) 
kcal/mol D kcal/mol kcal/mol 
-OH -CH 1.0 -2.5 3.60 -2.8 -0.6 
78.5 -8.6 3.69 -6.7 -6.8 
-NH2 -CN 1.0 37.7 5.14 -6.9 -4.7 
78.5 28.7 6.84 -16.4 -13.5 
-OH -CHO 1.0 -68.5 3.10 -5.0 -4.9 
78.5 -71.5 5.81 -10.0 -6.5 
-NH2 -CHO 1.0 -25.7 4.30 -8.7 -6.3 
78.5 -33.3 6.94 -17.6 -12.2 
So- -20.0 
lu- -15.0 
ti-
-10.0 
on 
-5.0 
0.0 1 
•2.5 -5.0 -7.5 -10.0 
Gas Phase 
Figure 1: Gas Phase Resonance Energies vs. Solution Resonance 
Energies in 1,2-Heterosubstituted Ethylenes. 
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-15 
•11 -
•7 -
•3 -4 -5 -6 -7 
HO-CH = CH-CN 
-8 
о 
=Е 
LJ 
LJ 
II 
IE 
LJ 
-3 -4 -5 -6 -7 
HO-CH=CH-CN 
Figure 2: Dependence of Resonance Energies in Different 
Dielectric Media. 
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IN CONCENTRATED AQUEOUS n-Bu^IBr SALT SOLUTION 
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Received November 2, 1989 
The kinetics of the alkaline hydrolys­
is of five o-substituted phenyl benzoates 
С6Н5С00С6Н4-Х (X = 2-NO2» 2-C1, 2-F, 2-CH3, 
2-0CHy in 1M and 2.25M n-Bu^NBr solutions 
has been studied at 50° C, 
The statistical treatment of the log к 
values for the alkaline hydrolysis of о-sub­
stituted phenyl benzoates in the case of 1 
and 2.25M n-Bu^NBr solutions and water at 
different temperatures fas performed with 
simultaneous use of the data of m- and p-
substituted derivatives. 
Besides 6° constants, additional induc­
tive 6-£ and steric E® scales were used аз 
substituent parameters in the case of с-sub­
stituted derivatives (E® - log кл - log kH 
S H+ £-h 
where k^+ is the rate constant of the acid­
ic hydrulysis for o-substituted phenyl ben* 
zoate in water at 50u C). 
In the previous papers it was found on the bases of 
the data of the acidic dissociation of benzoic acids and aV 
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1 ? kaline hydrolysis of phenyl tosylates * , that the ortho-ef­
fect considerably decreases and the difference log к
о
/к
р 
becomes minimal (kQ and k^ denote the rate constants for 
ortho-and para-substituted derivatives) when passing from 
water to the concentrated n-Bu^NBr solutions. 
The purpose of the present study was to check whether 
an analogical situation can take place also in the case of 
the alkaline hydrolysis of substituted phenyl benzoates. 
3 In the previous paper on the same theme we presented 
the values of the rate constants к (M-1• s-1) for the alka­
line hydrolysis of phenyl benzoates with substituents in 
metha- and para-positions, in 1 and 2.25 molar tetra-n-but-
ylammonium bromide solution at 50° C. 
In the present paper the values of log к for the alka­
line hydrolysis of five ortho-substituted phenyl benzoates 
in 1 and 2.25 M n-Bu^NBr solution at 50° С are given. The re­
sults of the statistical treatment of log к values and the 
data for ortho-, metha-, and para-substituted derivatives, 
using the method of multiple regression analysis, are also 
reported. 
Experimental 
The kinetics of the alkaline hydrolysis of substituted 
phenyl benzoates C^COOC^-X (X = 2-N02, 2-Cl, 2-F, 2-CH3, 
2-OCH^) was investigated in 1M and 2.25M tetra-n-butylammo-
nium bromide solution at 50° С. In the case of 2-OCH^-phenyl 
benzoate the kinetics was measured for water solution at 50°С 
as well. 
As alkali, 0.0223 molar tetra-n-butylammonium hydroxide 
was used. 
The purification of alkali and tetrabutylammonium bro­
mide, the preparation and the characteristics of phenyl ben­
zoates studied (besides the 2-0CH -, - subs t i tut e d one) have been 
->4 5 given in our previous publications '. 
2-OCH^-phenyl benzoate was synthesized from benzoyl 
chloride and guaiacol in the aqueous NaOH solution. The 
substance was recrystallized several times from 50 % aqueous 
232 
ethanol and. dried in vacuo over PgO^ m.p. 57-57.5° C. 
Kinetic measurements were carried out under pseudomo-
nomolecular conditions with alkali excess. For the kinetic 
measurements the spectrophotometric method wag applied us­
ing a device equipped with a photoelectric multiplier and 
a recorder of the LP-type. 
Second-order rate constants k2 were calculated divid­
ing pseudomonomolecular rate constants by the alkali con -
centration. The measurements at each salt concentration 
were repeated and the arithmetic means of the corresponding 
second order rate constants к2 were calculated. The k2 val­
ues found like this and the number of measurements at each 
salt concentration are given in Table 1. 
3 
2 
1 
0 0.2 OA 
C 0 H - W 2 ( M )  
0.6 0.6 
Fig. 1. Relationship between k^ and Cq^- for 2-meth-
oxyphenyl benzoate at 50° С in water. 
The kinetics of the alkaline hydrolysis of 2-OCH^-phe-
nyl benzoate in water without salt additions, was measured 
at three alkali concentrations at 50° G (see Fig. 1). The 
second order rate constant was calculated from relation­
ship (1) 
k1 = k2 • C0H™ + const (1) 
233 
where is the rate constant of the pseudomonomolecular 
reaction and k2 - the second order rate constant (see Table 
2 ) .  
Table 1 
Rate Constants к (M-^• s~^) for Alkaline Hydrolysis 
of 2-Substituted Phenyl Benzoates CgH^COgCgH^-X in 
Presence of n-Bu^NBr Additions (CQg- = 0.0223) at 50°C 
X Salt (M) 
к (M'1- s ~1) 
п
х 
•Aim 
2-N02 2.25 2.32 to.04 6 427 
1.00 O
J о
 
о
 
+
1 
CX
I 
6 
2-C1 2.25 0.471 ±0.006 5 зоз 
1.00 0.295 ±0.008 
2-P 2.25 0.422 ±0.004 6 292.5 
1.00 0.272 ±0.005 
2-CH3 2.25 0.0633±0.0019 6 298 
1.00 0.0721±0.00016 
2-0CH3 2.25 0.0416±0.0008 4 298 
1.00 0.0509±0.0008 
3-C1 2.25 
о
 
о
 
+
| 
с
\ 
6 
зоз 
1.08 ±0.13** 
1.00 0.622 ±0.013 
0.749 ±0.080** 
n - Numbàr of measurements of the salt concentration con-
3 
sidered; зш - xn paper . 
Table 2 
Values of k1 (s~ ') at Various n-Bu^NOH Concentra­
tions and k9 (M~1• s"1) for Alkaline Hydrolysis 
of 2-OCH^-Phenyl Benzoate in Water at 50°C 
C0K- (M) k1 • 103' s"1 nÄ к2 (M"' • s"1) 
0 . 0 1 1 6  6.82to. 1 9  4 0.668^0.032 
0.0256 17.80-0.44 3 
0.0640 42. 1 3 - 1 .14 3 
n - Number of measurements at alkali concentration con-
sidered. 
Discussion 
Pig. 2 illustrates the plots of log к values vs. tetra-
butylammonium bromide concentration at 50° C. During transi­
tion from water to 1 M tetrabutylammonium bromide solution, 
negative salt effect was discovered in the case of all phe­
nyl benzoates studied. But in the case of ortho-substituted 
О.в 3- N02 
2-N02 
3-Cl 
2-Cl 
2-F -0.4 
-0.6 
-О.в 
-1.0 
-1.2 
2-ОСНз 
0 0.5 1.0 1.5 
Ifr 
Fig. 2. Dependence of log k2 on for alkaline hy­
drolysis of substituted phenyl benzoates at 
50° C. 
235 
derivatives the negative salt effects are stronger than in 
the case of the corresponding metha and para-subs ti tut ed 
derivatives. An analogous situation was observed in the 
case of the alkaline hydrolysis of substituted phenyl tosy-
lates^. In the case of the alkaline hydrolysis of phenyl 
tosylates, the positive ortho effect detected for water so­
lution, decreases considerably during transition to 1 and 
2.25 M n-Bu^NBr solutions. When studying the alkaline hydro­
lysis of ortho-substituted phenyl benzoates in water, such 
negative ortho effects were observed which did not weaken 
during transition to the concentrated tetrabutylammonium 
bromide solutions but became even stronger. 
The same phenomenon demonstrate the values 
calculated from the log к for the alkaline hydrolysis of 
ortho-substituted phenyl benzoates (Table 3). 
Using the method of multiple regression analysis, the 
common treatment of log к values for the alkaline hydrolys­
is of ortho-substituted and metha- and para-substituted 
phenyl benzoates in 1 and 2,25 molar n-Bu^NBr solution at 
50° С as well as in water at various temperatures was car­
ried out according to the equation: 
km,p(ortho) log k0 + 9 m,p(ortho)^ + ^I(ortho)^I + 
+ ^ (ortho)^ ( 2 )  
Table 3 
Values of 6 °rtho Calculated from log к Values for 
Alkaline Hydrolysis of Substituted Phenyl Benzo­
ates C6H5C02C6H4-X at 50° С 
ortho 
Substituent 
X 
н2о 
1 M 
Bu^WBr 
2.25 M 
Bu^NBr 
2-N0p 
2-C1 
2-F 
2-CH3 
2-OCH3 
2-N(CH3)2 
0.628 
0.171 
0.312 
-0.539 
-0.441 
-0.486 
0.414 
0.079 
0.060 
-0.251 
-0.338 
0.504 
0.162 
0.137 
-0.272 
-0.360 
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In the data processing we also included the term 
/*R(ortho)^R' but afterwords it was excluded as an insignif­
icant one. 
For comparison the data treatment was carried out ac­
cording to the following equations as well: 
log Sortho) = log *0 + Pl(ortho)®! + PR(ortho)®R + 
+ <5(ortho)Es ' (3) 
and 
log k£>p . log kg + р°_
р
б° (4) 
The treatment of the log к values according to Eq. (4) 
also embraced the log к value for an unsubstituted deriva­
tive. 
The results of the statistical data treatment accord­
ing to Eqs. (2)—(4) are given in Tables 4 and 5. 
The statistical data processing was carried out on a 
"Nord-100" computer. The program of multiple regression an­
alysis composed by V. PalrrJ'8 was used. The "recommended" 
6° values from Tables^ and the 6T and 62 constants from 
10 publication were used. In the case of 2-N(CH^)2~substitu-
ent it was assumed that the resonance term was absent and in 
the common data treatment for this derivative the correction 
for j)p6^ was included. 
For ortho-substituted derivatives the corresponding 6° 
values for para-substituents were used. 
As steric constants E the difference E® = log kX -
H A H log к was used, where br is the rate constant of 
the ^ acidic hydrolysis for** ortho-substituted phenyl ben­
zoate in water at 50° and k**+ is the same constant for un­
substituted derivative^ 1. ** 
In the statistical data treatment we used the (д )
л
„-. 
s eale 
values, calculated from the linear relationship between the 
log к values for the alkaline hydrolysis of phenyl tosylates 
and values of (log kX _ - log kX ) for the alka-
0H~ H m,p(ortho) 
line hydrolysis of phenyl benzoates at 50° C11 (kQH~ and 
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кц+ are the rate constants for the alkaline and acidic hy­
drolysis, respectively). 
Substituent t^'calc 
2-N02 -0.374 -0.374 
2-C1 -0.378 -0.243 
2-F -0.155 -0.155 
2-CH3 -0.264 -O.264 
2-0CH3 - -О.3О8 
2-N(CH3)2 - -0.425 
H 0 0 
It follows from the results of the statistical data 
treatment given in Tables 4 and 5 that the log к values for 
2.25 and 1 M n-Bu^NBr solutions as well as for water could 
be satisfactorily correlated by equations С2) — (4). 
During transition from water to the 2.25 M n-Bu^NBr 
solution term p° p(ortho) j-ncreases by about one unit but 
the contribution of the Pi(ortho) I 1:erm became insigni­
ficant. Since the contribution of the steric term practical­
ly does not depend on the nature of the solvent, the negat­
ive ortho effect still increases during transition to the 
2.25 M solution of n-Bu^WBr. When passing from water to the 
concentrated tetrabutylammonium bromide solution the total 
effect of ortho-substituents (N0o, Cl, F) is twice smaller 
than that in the case of metha- and para-substituents. 
It was found that in the case of alkaline hydrolysis 
of phenyl benzoates the effect of ortho-substituents &log i? 
changes equally to that in the case of the alkaline hydro­
lysis of phenyl tosylates when passing from water to the 
2.25 M n-Bu^NBr solution. It should be remembered that 
a similar situation has already been observed in the case 
of metha- and para-substituents2. 
In Fig. 3. the relationship between the values of 
Дlog kX (2.24 M Bu^NBr) - Alog kX(H20) (where Дlog kX = 
log kX - log kH) for the alkaline hydrolysis of phenyl togy-
lates and the same values for the alkaline hydrolysis of 
phenyl benzoates at 50° С is presented. One can see that the 
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§ 
2Fir 
0 - 2-CH3ÇZ 
•ол - /J2-OCH3 
1 1 1 1 1 
-ОЛ О ОЛ О.в 1.2 
ДА log к (Benz) 
Fig. 3. Relationships between АД log k(Tos)m<p(ortho) 
and AAlog k(Benz)m>p(ortho) at 50° C. 
AAlog kX= Дlog kA(2.25MBu4NBr) - Дlog kA(H20) 
Alog k? = log kX - log k11. 
points for ortho-substituents fall onto the same straight 
line with raetha- and para-substituents, 
АДlog kX(Tos)m>p(ortho) - 0.060(-0.07)+ 
+ 1.09(±0.08)ûûlog kX(Benz)B>p(ortho) 
s = 0.126 
A A log kX(Tos)(ortho) = 0.042(-0.013) + 
+ 1.16(±0.17) AAlog kX(Benz)^ortho) 
a = 0.132 
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2-N(CH3)2T: 
2-OCH3 ZS. 
2-CHajHO^" 
>V3-NH; 
2.25 M BU4NBP 
-4 -3 -2 -1 
log к ( Tos) 
Pig. 4. Relationship between (log к - 1.4 Eg) for alk­
aline hydrolysis of substituted phenyl benzo-
ates and log к for alkaline hydrolysis of sub­
stituted phenyl tosylates in water and 2.25 M 
n-Bu^NBr solution at 50° C. 
Tn the case of phenyl tosylates both the experimental 
values of log к and those calculated from the activation pa-
12 
rameters were embraced . ^ 
Fig. 4. presents the dependence of Alog к - 1.4 
values for the alkaline hydrolysis of substituted phenyl 
benzoates on the log к values for the alkaline hydrolysis ol 
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substituted phenyl tosylates in the case of water and the 
2.25 M solution of n-Bu^NBr at 50° С. 
.Vhile in the case of water solution the points for or-
tho substituents fall on the same straight line with metha 
and para-substituents, then passing to the 2.25 M solution 
of n-Bu^NBr the points for ortho substituents to some ex­
tent deviate from the straight line for metha- and para-sub­
stituents. 
For water at 50° С we have (see Table 6): 
Alog kX(Tos) 0° (Tos) 1.840 
2LlP_ 
= 
"
rm»P = =1.95 (5) 
Alog к (Benz) . ^p(Benz) 0.945 
Aloe kX(T°°)f0rth0) 
(Alog k"-1.4Ep(Ben20(ortho) 
. 
(PlP(ortho)6C^I(ortho)6I»T°a' „ 1-8a6°+ 0.98g, 
" (Pm.ptorthol^ KorthoJ^ HBenz) " 0.9456? 0.556,-
1.88(6°+ 0.52161) 
= ^ — = 1 «99 (6) 
0.945(0°+ 0.55 6j) 
where Alog kX = log kX - log k® 
Vhen passing to 2.25 M solution of n-Bu^NBr the slopes 
of straight lines in Fig. 4. somewhat changei 
Alog kX(Tos) _ 3.01 
„ ШхР» = = 1.49 (7) 
Alog к (Benz)m r 2.02 
Alog ^ (Io3)(ortho) = 3.116°+ 0.59g, s 
(Alog kx- 1.4Eg)(Ber.z)(ortho) 1.936 
= 1.60(6° + 0.19 6 I) 
If 6j 0, then the points for ortho substituents fall on 
one and the same straight line with metha and para substitu­
ents. 
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Technique for canonical coding of benzenoid 
aromatic compounds, their substituents and 
heteroderivatives is suggested. It is relatively 
simple, compact and universal to be applied in re­
lation to the indicated class of compounds. The pro­
cedure of obtaining the canonical code is described. 
Examples of codes for a series of compounds of this 
class are given. The suggested coding technique is 
compared to those used before. 
The progress made in the chemical information theory 
has called for working out the coding system of chemical can-
pounds. Unfortunately, there are several problems to be sol­
ved yet in connection with coding of polycyclic compounds'. 
The present paper deals with a rather important group 
of polycyclic compounds - benzenoid aromatic compounds 
(ВАС), their substituted and hetero derivatives. The 
structures of the ВАС molecules can be well described on a 
hexagonal network by means of polymino hexagons2 (which is 
a contiguous part of a planar hexagonal mosaic). For the com­
puter input, storage and processing of the information on 
polyminos, we need such a method of their formal description 
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which would satisfy all the following requirements t 1) un-
ambiguity of polymino restoration from the description; 
2) compactness of description; 3) relatively simple and 
structurally understandable description; 4) convenience of 
its input, storage and processing. 
In order to identify the polyminos it is necessary to 
introduce a canonical description which would adequitely 
correspond to the polymino. It is suggested that there is 
a certain formal description (one of polymino determiners) 
that can be built using conventional means, while the more 
complicated task of canonization of the description should 
be performed automatically, using a computer. 
Here we give a possible formal description of hexagonal 
polymino embracing all these requirements. The sides of an 
equal-sided hexagon corresponding to the beneene ring eure 
marked as followsÎ 
Certainly, this is not the only possibility or marking. 
A random hexagon in the polymino is chosen as the 
starting point; then the graph of continuity of the hex­
agons is built as an oriented tree with its roots at the i-
nitial hexagon chosen.* 
When proceeding along the tree, we mark each hexagon 
with a letter corresponding to that inside the previous one 
to which the next one is connected. The branching routes, 
with an exception of the last one, will be put into the 
brackets. As a result, we get linear succession of letters 
a,....,f and brackets, which is actually meant to be the 
formal description of polymino. 
Such a description depends on the orientation of the 
polymino of the plane, choice of the route covering the 
tree, as well as on the way of passing through it, and there 
certainly are several possibilities for doing it. 
* For explanations of theoretical and graph terms, see Ref.3. 
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Thus, for instance, anthracene can be described as aa, 
(d)a, (a)d, dd; triphenylene - a(f)b, e(f)d, c(d)b, but also 
(f)(d)b, a(b)f, e(d)f, c(b)d, (f)(b)d, (b)(d)f, (b)(f)d, (d) 
(f)b, (d)(b)f. 
One way for obtaining the canonical description of the 
hexagonal polymino can be created as follows. Polymino is 
orientated on a surface in accordance with the nomenclature 
4. 
of IUPAC. For cases when those regulations do not ensure 
the unambiguity of the orientation, we have worked out an al­
gorithmic modification of the nomenclature regulation A22, 
guaranteeing the unambiguity of the ВАС orientation on the 
к 
plane . 
As the root, the first hexagon on the left in the bas­
ic horizontal line is taken. In order to create the covering 
tree, first, we number, from left to right the adjacent hex­
agons of the basic horizontal line. After that the hexagons 
adjacent to the first root that have not been numbered yet, 
will be uumbeved and connected to it in the lexicographical 
order of the side of adjacency. The procedure is repeated fcr 
the second, third, etc. hexagons until all the hexagons are 
connected to the tree. The branchings will be written in the 
order which is contrary to the lexicographical one. The ca­
nonical descriptions of a few ВАС are given in Table 1. 
The derivatives of ВАС can be coded as follows. The 
vertices of an equilateral hexagon, corresponding to the 
benzene ring are marked as: 
1 
4 
In the case of homo substitution (substituents of a si­
milar type) the code of the ВАС derivative will be obtained 
by insertion of the set of numbers corresponding to the 
places of substitution of the benzene ring into the frag­
ment of the BAC code that represents this ring. At the same 
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time we suppose thac the substitution type is known from the 
context, otherwise one must follow the procedure of hetero 
substitution described below. 
In the case of hetero substitution (the substituents 
belong to different types), in the code of a derivative the 
substituted atom (group) should be marked after each number. 
Canonical descriptions (codes) of a set of ВАС are 
given in Table 2. 
In comparison with the line-formulae of Wiswesser1 that 
have been applied for ВАС our canonical descriptions meant 
specially for ВАС, are to our mind more definite, easier to 
use in automatic treatment, as well as more descriptive. 
Parametric coding is an even simpler and more compact 
coding technique^. Nevertheless, the means of coding that 
we have suggested can have a wider range of application. Un­
like perimetric coding, this technique enables one to code 
quite easily the compounds with "holes", i.e. noncontigu­
ous compounds (e.g. circulenes), as well as any substituents 
and hetero derivatives (it does not depend on the closeness 
of the atom to the perimeter). This can be explained by the 
fact that, when moving along the covering tree, we can 
choose any hexagon of polymino (which would not be possible 
in the case of moving along the perimeter). 
The method of coding of cycling systems by Б.А. Geivan-
dov^ appeals because of its simplicity, although unlike our 
method, it does not ensure the canonical character of the 
code. 
The canonical description of polimino can be used for 
solving the problems of isomorphism^» It can be used quite 
successfully in the case of computerized creation of the 
structural formulae of BAG. We have worked out a computer 
program that allows us to create a canonical description of 
a benzenoid aromatic compound from its formal description, 
which is also checked against being unrealistic, during the 
coding process. 
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Table 1 
Canonical Description of Some Benzenoid Aromatic 
Compounds 
BAG Canonical descrip­
tion 
Explanation 
1 è  3 
Naphthalene a 00 
Anthracene aa 000 
Phenanthree ene ab 
Triphenylene et(f)b 
Pyrene (b)ab 
/b>S//b>4r^ 
aj-#- J 
Chrysene aba 
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Table 1 continued 
Benzoicjphenathrene abc 
Benz [a]anthracene aab 
Naphthacene 
Picene 
Perylene 
abab 
(f)a(b)a 
Beazo[e]pyrene a(f)(b)a 
Pentacene (5ХВ0ЭQ 
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Table 1 continued 
1  2  3  
Pentaphene 
Dlbenzo [c,gl-
phenanthrene 
Dibenz(_B> d] 
anthracene 
Dlbenzo Ja,k]-
perylene 
aabb 
abed 
(c)aab 
a(b(c)ba) 
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